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Quasicrystals: Structure and Dynamics

The discovery of quasicrystals in 1982 by Dan Shechtman, who received the 2011 Nobel prize in chemistry, has been a breakthrough in crystallography which led to a paradigm shift and has deeply modified our understanding of long range ordered materials. Indeed, quasicrystals are materials which are long range ordered but without periodicity: their diffraction pattern presents sharp Bragg peaks but with symmetries, such as five-fold rotation axes, incompatible with lattice translation. After an introduction on quasicrystals, recent results on their atomic structure in the binary CdYb system will be presented. Does the long range quasiperiodic order brings in new physical properties? This question will be addressed through the study of dynamics in quasicrystals, both for phonons and phasons. The presentation will illustrate the importance of combining neutron and x-ray scattering techniques.

The use of near-infrared (NIR) photons is beneficial for improved detection sensitivity in biological systems because 1) biological systems have lower autofluorescence in the NIR, resulting in higher signal-to-noise ratios and detection sensitivity; and 2) the lower scattering of NIR photons allows for the acquisition of higher resolution images. Furthermore, the luminescence of NIR emitting lanthanide cations is very attractive due to its emission wavelength and the photostability of the luminescent reporters. In order to take advantage of such luminescence, lanthanide cations need to be sensitized. In order to maximize the number of photons per unit volume, we have chosen to create a nanomaterial incorporating a high density of lanthanide cations and lanthanide sensitizers. We present here a new nanoscale metal-organic framework (nanoMOF) based on a (PVDC)sentitizer-ligand and Yb 3+ NIR-emitting lanthanide cation. This material has been structurally characterized, its stability in various media has been assessed, and its luminescent properties have been studied. We demonstrate that it is stable in certain specific biological media, does not photobleach, and has an IC 50 of 100 µg/mL, which is sufficient to allow live cell imaging. Confocal microscopy and ICP measurements reveal that nano-Yb-PVDC-3 can be internalized by cells with a cytoplasmic localization. Despite its relatively low quantum yield, nano-Yb-PVDC-3 emits a sufficient number of photons per unit volume to serve as a NIR-emitting reporter for imaging living HeLa and NIH 3T3 cells. NIR microscopy allows for highly efficient discrimination between the nanoMOF emission signal and the cellular autofluorescence arising from biological material. This work represents one of the first demonstrations of the possibility of using NIR lanthanide emission for biological imaging applications in living cells with single photon excitation.

ABSTRACT

The development of functional materials by taking advantage of the physical properties of nanoparticles needs an optimal control over their size and crystal quality. In this context, the synthesis of crystalline oxide nanoparticles in water at room temperature is a versatile and industrially appealing process, but lacks control especially for "large" nanoparticles (> 30 nanometres), which commonly consist of agglomerates of smaller crystalline primary grains. Improvement of these syntheses is hampered by the lack of knowledge on possible intermediate, non-crystalline stages, although their critical importance has already been outlined in crystallisation processes.

Here, we combined time-resolved, in situ SAXS/WAXS and EXAFS to demonstrate that during the synthesis of luminescent Eu-doped YVO 4 nanoparticles, a transient amorphous network forms with a two-level structuration. These two pre-structuration scales constrain topologically the nucleation of the nanometre-sized crystalline primary grains, and their aggregation in nanoparticles, respectively. The amorphous network, which forms within 40 ms, therefore determines the nanocrystalline structure, which forms in the minute range. This template effect not only clarifies why the crystal size is found independent of the nucleation rate, in contradiction with the classical nucleation models, but also supports the possibility to control the final nanostructure with the amorphous phase.

Quick-EXAFS-Raman and SAXS Study of Formation and Growth of SnO 2 Nanoparticles

B.L. Caetano a,b , F. Meneau b , M. Magnani a , C.V. Santilli a , S.H. Pulcinelli a , V. Briois b a Instituto de Química UNESP 1 , PO Box 355, 14800-900 Araraquara, SP, Brazil b Synchrotron SOLEIL, L'Orme des Merisiers, BP48, Saint Aubin, 91192 Gif-sur Yvette, France ABSTRACT Tin dioxide (SnO 2 ) is an important n-type semiconductor (3.6 eV band gap at 300 K) with wide range of applications such as solar cells, catalysts, transparent electrodes, gas sensor, and thermoelectric materials among others 1,2 . Although a deep understanding of formation and growth mechanisms of these systems provides guidance to the control of properties during synthesis 3 , the mechanisms that allow to obtain SnO 2 nanoparticles are not yet well known. This work describes the formation and growth of SnO 2 nanoparticles from tin tetrachloride pentahydrate (SnCl 4 .5H 2 O) ethanolic solutions by water addition, [H 2 O]/[Sn] = 105. Simultaneous Sn K-edge quick-EXAFS and Raman measurements were carried out at the SAMBA beamline for unravelling the local order around Sn whereas SAXS investigation at the SWING beamline was used for structural characterisation at the nanoscopic scale. Each quick-EXAFS spectrum is described by a linear combination of the spectrum of the SnO 2 powder extracted at the end of the reaction and a representative EXAFS spectrum of monomeric species in solution. From the beginning to the end of the reaction the composition evolved from 0% to ∼30% of SnO 2 nanoparticles. Before water addition, SAXS and Raman evidence the formation of a solution composed of monomeric species [SnCl x (H 2 O) 6-x ] 4-x with x= 6, 5, 4 and Guinier radius Rg equal to 1.9 Å. The results show that the formation of SnO 2 nanoparticles is a stepped process composed from three main stages: i) during the ageing at RT, the exchange of chlorine by oxygen was clearly verified by the modifications of Sn-Cl and Sn-O EXAFS coordination numbers that result from the partial consumption of the [SnCl x (H 2 O) 6-x ] 4-x with x= 6 and 5. Concomitantly the Rg radii of scattering species gradually increase to 10.7Å with variation suggesting the successive association of monomeric species; ii) during heating (RT<T<70ºC), an uptake of chlorine ions by tin coordination sphere evidenced by both Raman and quick-EXAFS spectroscopies gives rise to the slight decrease of Rg indicating that the equilibria between species in solution is a key parameter driving the growth process; iii) during the isothermal treatment at 70ºC, the growth of SnO 2 particles restarts, SAXS pattern showing that the Rg of well defined (Porod slope = -3) particles reaches 12.5 Å. Otherwise, the Sn-Cl coordination number decreases indicating the further exchange of Cl by O shifting the reaction equilibrium. Surprisingly, this interesting and reversible transition is preserved in EAN. SAXS experiments shed light upon the mechanisms responsible both for colloidal stability and for this reversible flocculation in EAN (figure 2). These results give a brand new insight on the use of pH for tuning the dispersion state of NPs in protic ILs and an interesting example of similarities between EAN and water. 

The Electrochemical Mechanism of Na Insertion in

Sb-based Negative Electrode Materials for Innovative Na-ion Batteries: The First Discharge

Connectivity of Water Molecules Confined in Nafion

S. Dalla Bernardina 1 , J.B. Brubach 1 , P. Roy 1 , Q. Berrod 2 , P. Judeinstein 3,4 , J.M. Zanotti 3,4 , A. Guillermo 2 , S. Lyonnard 

ABSTRACT

Perfluorosulfonic acid ionomeric membranes are used in proton exchange membrane fuel cells (PEM-FCs) as electrolytes, enabling proton conduction from the anode to the cathode to derive electrical energy directly from a chemical fuel. Currently the best PEM in fuel cells is Nafion due to its unchallenged proton conductivity at temperatures below 80°C. Nafion consists in a hydrophobic fluorocarbon backbone chain with pendent hydrophilic side chains which terminate with sulfonic acid groups. These terminations give to the membrane the ionic properties. Proton conductivity is directly related to the water content in Nafion, therefore a molecular understanding of the proton conduction mechanisms and the structure/transport interplay is required to improve fuel cells performances. The interaction between water molecules and Nafion membrane was studied by Fourier Transform Infrared Spectroscopy (FTIR) at the AILES beamline in both the far and mid infrared regions during in situ absorption and desorption of water molecules. Far infrared region provides information about the hydrogen bond O-H …. O between different water molecules (connectivity and libration bands) while in mid infrared region we observe the intramolecular modes of water molecules (stretching and bending bands).

To monitor the effect of water molecules on Nafion at different levels of relative humidity (RH), the sample was placed in a cell, designed at the AILES beamline, which allows to control the level of hydration. The cell is connected to a water reservoir through a valve system which enables to set the desired hydration level even in low humidity ranges (down to 0.15 mbar, that correspond to 0.5% of relative humidity). Variations in vibrational modes, during hydration and dehydration cycles, provide information about proton transport inside Nafion channels since IR spectroscopy allows to clearly distinguish the protonic species involved in the process as well as the changes in the membrane structure during water sorption and desorption. The influence of water on the protons was revealed by comparing vibrational spectra of Nafion-H and Nafion-Na, which differ in the counter-ion of the side chains, at several hydration levels.

This study shows clearly the benefit of such investigations for the optimization of catalysts in view of activity and selectivity. The early stages of adsorption of TEOS on silicon surfaces have been studied using synchrotron radiation X-ray photoelectron spectroscopy (XPS) and scanning tunneling microscopy (STM). 2,3 The results show that TEOS dissociatively adsorbs on the surface via the scission of all Si-O bonds. 3 However standard XPS is not suitable to follow in-situ the CVD of SiO 2 since the TEOS pressure used for the oxide growth process is in the order of the TEOS vapour pressures (1.5 mbar).

The new Near Ambient Pressure (NAP) XPS end station on TEMPO beamline in SOLEIL synchrotron can solve the previous problem since it allows to measure normal XPS spectra with a gas pressure inside the analyzer chamber that can go up to 25 mbar. The kinetic of the SiO2 growth from TEOS is then studied following the evolution of both Si 2p and C 1s peaks while the TEOS pressure increases from 10 -9 to 1 mbar. A comparison between hydroxylated and non hydroxylated surfaces is also proposed. The results elucidate the role of the gas phase reactions in the SiO 2 growth and show also the potentiality of the new NAP-XPS.

However, OW can have high pollutant concentration among which heavy metal (HM) is particularly concerning. Indeed, soils that have been amended with OW can present HM accumulation at their surface layers 4 . This accumulation could induce phytotoxicity and groundwater quality degradation. Consequently, the fate of HM in the cultivated soil system after OW amendment is a key issue, and it can better be predict by determining their speciation in the OW.

Studies that investigate heavy metal speciation in OW with X-ray absorption spectroscopy (XAS) are presented. In the first study, pig slurry spreading on a tropical soil is used as an example (agricultural recycling valorization). Pig slurry present high concentration of Cu and Zn. Field experiment showed Cu and Zn accumulation in soil at different layers 4 . XAS permitted to elucidate the Cu and Zn speciation in pig slurry 5 and explain their behavior on the field. The second study deals with anaerobic digestion of OW (energetic valorization). The anaerobic digestion of the studied OW permitted the production of methane, but increased the Cu and Zn concentration in the by-product. XAS was used to compare the Cu and Zn speciation in the OW (before digestion) and in the by-product (after digestion). Results shows that the anaerobic digestion tends to modify the Cu and Zn speciation. 

Study of Chromium in Pigments and

ABSTRACT

Chromium was introduced for the first time at the "Manufacture of Sèvres" in 1804, a few years after its discovery by Vauquelin. It is now the most common element used to produce green, pink and brown decorations on porcelain. Colorants and enamels were studied on beam line LUCIA by X-Ray absorption near edge spectroscopy (XANES) at the Cr K edge. The colorants studied are crystallised compounds synthesized at the "Manufacture of Sèvres". The mixture of these colorants with a colourless frit is applied on the porcelain and fired at high temperature (1280°C) to form an enamel, i.e. a glassy layer. Observations under a scanning electron microscope (SEM) revealed that the enamels are composed of small grains of colorant (between 5 to 30µm) embedded in a glassy matrix. The aim is to follow the environment and the oxidation state of chromium from the colorant to the final product, the decorative enamel. The analysis is focussed on the investigation of the pre-edge feature which is sensitive to both the redox and coordination. The spatial resolution of the X-Ray beam on LUCIA beam line (4x4µm 2 ) was mandatory to characterise the grains of pigment embedded in the glassy matrix:

-Phases which are not detectable by XRD in the colorant rich in Cr 2 O 3 were investigated, -Variability of Cr speciation and environment in malayaite doped with Cr was shown, -The mechanism of colour change occurring with the pigment ZnAl 2 O 4 :Cr fired in the frit was understood. -Combined with SEM, UV-visible spectroscopy and X-Ray diffraction analyses, this experiment is a first step to understand the origin of the colouration of enamels composed of chromium.

ABSTRACT

Serpentinites resulting from the hydration of mantle rock-forming minerals are now increasingly regarded as an attractive prebiotic venue. The key point here is the capacity of serpentinization reactions to continuously produce molecular hydrogen over a wide range of temperatures (from 350-400°C as low as 50°C). This lets us suspect carbon reduction to occur from deep levels where solely abiotic reactions (i.e. pure chemical processes) can account for the generation of organic compounds of putative prebiotic interest, up to colonizable depths where this hydrogen represents an invaluable source of energy for the inhabitating chemolithoautotrophic microbial communities. In accordance, serpentinization concurs since ancient times where plate tectonics started, to highly reducing and alkaline conditions, potentially allowing the formation and the stabilization of life's 'building blocks', along with the creation of viable geochemical niches where these reactions could have provided the first energy-harnessing biochemical pathways underpinning microbial growth 1 . Additionally, it was recently stated that, if the last universal common ancestor emerged in such environments, it retained an obligate endolithic lifestyle 2 . The initial organisms are thereby suspected to have emerged as cloistered within micrometric pore spaces, having minerals acting like cell membrane 3 . Embedding minerals could also have provided, in addition to protective porous space, reactive surfaces acting as template and catalyzing mineral species.

To properly explore putative environmental niches nested in serpentinites, a compatible observation scale is thus mandatory. We deployed a combination of high-resolution techniques (i.e. coupled CLSM/Raman spectroscopy, SEM, TEM, synchrotron-based deep UV and FTIR µimaging, ToF-SIMS imaging) to track organic molecules at the pore level in serpentinized rocks from the oceanic lithosphere, considered as a relevant analog of the primitive Earth. Their ability to reveal chemical, mineralogical and metabolic diversity at the micrometric scale first provides new approaches for tackling the biological affinities of the detected organic molecules and tracking viable ecological niches 4 . Altogether these approaches thus helps unveiling the molecular and mineralogical mechanisms involved at depth in abiotic and biological carbon reduction within the serpentinizing oceanic lithosphere and establishing a first inventory of the diversity and stability of the produced organic molecules, with the potential to deeply modify our view on the possible mechanisms and the range of physical and chemical conditions under which complex organic molecules can be synthesized and preserved over geological times.

ABSTRACT

The interpretation of flattened fossils remains a major challenge due to compression of their complex anatomies during fossilization, making critical anatomical features invisible or hardly discernible. Key features are often hidden under greatly preserved decay prone tissues, or an unpreparable sedimentary matrix. A method offering access to such anatomical features is of paramount interest to resolve taxonomic affinities and to study fossils after a least possible invasive preparation. Unfortunately, the widely-used X-ray micro-computed tomography, for visualizing hidden or internal structures of a broad range of fossils, is generally inapplicable to flattened specimens, due to the very high differential absorbance in distinct directions. Here we show that synchrotron X-ray fluorescence spectral rasterscanning coupled to spectral decomposition or a much faster Kullback-Leibler divergence based statistical analysis provides microscale visualization of tissues. We imaged exceptionally well-preserved fossils from the Late Cretaceous without needing any prior delicate preparation. The contrasting elemental distributions greatly improved the discrimination of skeletal elements material from both the sedimentary matrix and fossilized soft tissues. Aside content in alkaline earth elements and phosphorus, a critical parameter for tissue discrimination is the distinct amounts of rare earth elements. Local quantification of rare earths may open new avenues for fossil description but also in paleoenvironmental and taphonomical studies.

OC-21

Toxicity of Aluminum Nanophases

A. Masion 1 , C. Santaella 2 , L. Shintu 3 , W. Liu 1 , M. Auffan 1 , J. Rose 

ABSTRACT

Aluminum is an ubiquitous element in the environment where it is mainly present in the form of a variety of minerals as well as short range ordered and amorphous structures. The toxicity of Aluminum is considered to be linked essentially to soluble Al species, the "free" Al cations being considered as the most toxic species. Al included in solid phases is generally considered as non-toxic. However, it has been demonstrated that some nano-sized Al structures are up to 60 times more toxic than the Al3+ cation.

Here we investigate the influence of the Al speciation and morphology on the toxicity towards bacteria and human skin cells. The Al species used here are the Al13 polymer, nanoboehmite, and aluminosilicate nanotubes of various lengths. As expected, Al13 exhibited more severe toxic effects towards P. Brassicacearum than nano-boehmite. However, it appears that the metabolic routes affected depend on the nature of the Al species.

For the Al fibers, our results suggest that the toxicity is not a simple function of the tube lengths.
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Gyroscopic Destabilization in a Polyatomic

ABSTRACT

Many of us have enjoyed the spectacle of a spinning top influenced by friction: rotating rapidly about a stable stationary axis, the top loses slowly its angular momentum j (and energy), slows down gradually, and then, suddenly, its axis becomes unstable, the top wobbles, and an abrupt change of the top's position follows. In other words, the system undergoes a bifurcation. In the case of the tippe-top, rotation about its lower point is stable at low values of angular momentum J and becomes unstable at large J. Something quite similar occurs in a freely rotating dimethylsulfoxyde (DMSO, (CH 3 ) 2 SO) molecule. For the first time in such large polyatomic molecule, a quantum bifurcation induced by a gyroscopic destabilization was observed. [1,2] This unusual phenomenon in rotational dynamics was discovered in the rovibrational states of the asymmetric bending fundamental ν 23 band of DMSO whose high-resolution gas phase absorption spectrum was observed along with that of the symmetric bending ν 11 by Cuisset et al. [2,3] using the exceptional properties of AILES in the Far-Infrared domain (300 -400 cm -1 spectral region). [4] In order to explain this phenomenon, we looked for the system bifurcation in the pure rotational transitions in the lowest vibrationally excited states of DMSO. Therefore the highresolution ground state THz spectrum of DMSO has been recorded with a sub-THz spectrometer based on a frequency multiplication chain. [5] We obtained rotational constants and centrifugal corrections to order J 8 of all low frequency fundamental vibrational states of DMSO, specifically those corresponding to the two methyl rocking modes ν 13 and ν 24 , the absorption inactive symmetric methyl bending mode ν 12 of the OSC 2 frame, as well as the other symmetric and the only asymmetric bending modes ν 11 and ν 23 of OSC 2 . Neglecting splittings due to the internal rotation of methyl groups, the spectrum was reproduced to the subMHz experimental accuracy. [6] We have found that the state ν 23 is the only low frequency vibrational state with the "anomalous" rotational structure uncovered in [1] Synchrotron-based High Resolution Fourier Transform Spectroscopy of PAHs and Derivatives S. Gruet a a AILES Beamline, Synchrotron SOLEIL Saint-Aubin, 91192 Gif-sur-Yvette, France.

Tel.: +33 (0)169358172, E-mail: sebastien.gruet@synchrotron-soleil.fr

ABSTRACT

Polycyclic Aromatic Hydrocarbons (PAHs) have long been suspected to be the carriers of so called Unidentified Infrared Bands (UIBs) [1,2]. A better understanding of the carriers' nature of these broad and unresolved emission features requires an extensive range of experimental and theoretical studies. Most of the results published in the literature report rotationally unresolved spectra of pure carbon as well as heteroatom-containing PAHs species in different conditions (phase, temperature, degree of ionization state and of hydrogenation, ...). To date, high resolution measurements reporting rotational structure of the infrared (IR) vibrational bands are very scarce.

Recently, some high resolution techniques provided interesting new results to rotationally resolve the IR and far-IR bands of these large carbonated molecules of astrophysical interest [3]. One of them is to use the bright synchrotron radiation as IR continuum source of a high resolution Fourier transform (FTIR) spectrometer [4]. At SOLEIL, synchrotron-based high resolution FT spectroscopy using both room temperature long absorption cell and a continuous supersonic jet experiment provided the first rotationally resolved spectra of several FIR bands of relatively large C-bearing molecules [5].

We report the rotational analysis of the most intense c-type bands in the 50-900 cm-1 range of several two rings PAHs and the spectra of larger species under jet-cooled conditions. Particular attention will be given on the 1,6-Naphthyridine (a N-bearing PAH) for which we recorded the microwave (MW) spectrum in collaboration with the PhLAM laboratory at Lille. MW spectroscopy provided highly accurate rotational constants in the ground state to perform Ground State Combinations Differences (GSCD) allowing the analysis of the FT-FIR bands. The rotational analysis of these IR/FIR bands might help to search these species in space and to model the IR emission responsible for the UIBs. 

Photoionisation of Si

ABSTRACT

We report first time photoionisation measurements for silicon hydride molecular ions and absolute cross section data for singly ionized atomic silicon ions.

The MAIA 1 setup on the PLEIADES beamline was used for all the experiments reported here. Silicon atomic (Si + ) and molecular hydride ions (SiH + , SiH 2 + , SiH 3 + ) were produced from silane (SiH 4 ) in the ECR source via plasma heating by a 12.6-GHz microwave power supply.

For the atomic Si + ions we carried out scans over the 2p-excitation 105-130 eV photon energy range, both for the single and double photoionisation channels. Data recorded for the metastable state allowed us to estimate the fraction of metastables present in the ion beam (of the order of a couple of per cent). Some of the resonance structures were scanned under high-resolution conditions (10 meV). Finally, the results were put on an absolute cross section basis for the first time.

We succeeded in obtaining the first photoionisation measurements for the molecular ion series (SiH + , SiH 2 + , SiH 3 + ), in the 104-120 eV photon energy range, again corresponding to the 2p inner-shell excitation region. The results were recorded by detecting the Si 2+ dissociation channel for each molecular ion species. The isolation of the individual ions in the initial ion beams was excellent as evidenced by the lack of cross-talk between the spectra. The photoionisation spectra show very clear systematic changes as the number of attached ligand H atoms is increased from zero (for Si + ) to 3 (for SiH 3 + ). No signal was observed in the H + dissociation channel. We note that our set up does not allow detection of neutral fragments.

The overall results provide the first absolute measurements of the photoionisation cross section for the atomic ion and the first data on the molecular hydride ion series, which are of particular interest due to the astrophysical 2 abundance of both silicon and hydrogen and their role in industrial processing plasmas 3 .

The experiments demonstrate the versatility and performance of the MAIA-PLEIADES combination. We compare our experimental data with the results of different theoretical calculations.

In this context, we performed X-ray spectroscopies to study the water layer shell on the surface of TiO 2 nanoparticles (mean sizes 25 and 100 nm). The experiment was performed at the PLEIADES beamline [3] by using a specific instrumentation, which allows the interaction of synchrotron radiation with a collimated beam of isolated nanoparticles [4]. This original and quite unique experimental approach offers the possibility to avoid interactions between the sample and a substrate.

We used two different ways to control the hydration level of the TiO 2 nanoparticles: the first method was based on the drying of solvated nanoparticles produced by atomization of a liquid suspension, and the second one was based on the hydration of dry nanoparticles generated by spark discharge with a commercial aerosol generator. X-ray photoelectron spectroscopy (XPS) and X-ray absorption spectroscopy (XAS) were used to identify the signature of the water layer shell on the surface of the free TiO 2 nanoparticles, and made it possible to follow the evolution of the hydration state as well as to monitor size effects. A more quantitative analysis will however require a better control of the experimental conditions (especially during the hydration step) but the results obtained already allow to establish the method used at PLEIADES as a unique possibility to study the interfaces between isolated nano-objects and solvent layers.

The 1s -1 2s -1 ,2p -1 Shake up Satellites in Argon R. Püttner, 1 T. Marchenko, 2 R. Guillemin, 2 R. K. Kushawaha, 2 L. Journel, 2 G. Goldsztejn, 2 D. W. Lindle, 4 M. N. Piancastelli, 2,5 J.-P. Rueff, 3 D. Céolin, 3 and M. Simon Below the 1s -1 2s -1 thresholds the spectrum is dominated by the broad 1s -1 2s -1 ( 1,3 S) 4s Rydberg states which are split by approximately 16 eV. Moreover, a number of narrow lines are observed above the 1s -1 2p -1 ( 1,3 P) thresholds. Based on linewidths and splittings similar to those of the 1s -1 2p -1 ( 1,3 P) np Rydberg states, these narrow lines are assigned to 1s -1 2p -1 (1,3P) 3p -1 n'l'n''l' final states populated via double shake processes.

In addition, the 1s -1 2p -1 shake up satellites are also observed in molecules (S 1s -1 2p -1 in H 2 S, Cl 1s -1 2p -1 in CH 3 Cl and CCl 4 ) showing that this is a rather general effect. This observation opens the exciting new possibility to study single-site double core-hole (SS DCH) states in Si, P, S, and Cl containing molecules using conventional photoelectron spectroscopy at synchrotron radiation facilities.

ABSTRACT

A measurement program of N 2 photabsorption at extreme-ultraviolet (XUV) wavelengths was conducted on beamline DESIRS (Dichroïsme Et Spectroscopie par Interaction avec le Rayonnement Synchrotron) using the Fourier-transfrom spectrometer permanent endstation. This is a uniquely high-resolution and broadband instrument with a maximum spectral resolution of ~10 -4 nm, a spectral range of 250-40 nm, and a single-measurement window of ~5 nm. 1,2 Here we present results of these experiments concerning the observation and characterisation of 3 Π u ← 1 Σ g + bands of 14 N 2 , 14 N 15 N, and 15 N 2 . These transitions appear despite being spin-forbidden, because of the perturbation of excited 3 Π u and 1 Π u states. Results are also presented for indirect predissociation above the dissociation energy of the optically-accessible b 1 Π u state. The laboratory observations are interpreted by and inform a quantum-mechanical model 3 of the excited states of N 2 and their perturbations. It is these perturbations which ultimately control the wavelength-dependent predissociation observed following N 2 photoabsorption.

The ultimate purpose of this combined experimental and theoretical study is a detailed and quantified characterisation of N 2 photoabsorption and photodissociation. The principal application of this work is to the study of photochemistry in interstellar space and planetary atmospheres.
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ABSTRACT

Charge and spin density wave (CDW/SDW) phases are found in many systems amongst which some quasi-one dimensional materials, or in the proximity of superconducting phases of high-Tc superconductors. They also coexist in chromium, in which a nesting between electron and hole pockets leads to a magnetic instability in the form of a SDW with wavevector Q. Although this was found decades ago [1], the physical origin of the CDW is still not clearly understood. Two scenarios are found in the literature: either the CDW arises due to magnetostriction, or via a second nesting between hole pockets at 2Q. Coherent and simultaneous x-ray diffraction have been used at the CRISTAL beamline of the Synchrotron SOLEIL to probe the CDW and the SDW orders independently. With a coherent x-ray beam, one gets information about the amount of phase defects of the probed modulation [2]. Interestingly, the SDW is perfect over micrometers in the sample, but the CDW contains a lot of defects. The use of simultaneous diffraction ensures to probe the same volume for the CDW and the SDW. These results provide information about the coupling between CDW and SDW. We show that the second nesting scenario is more appropriate to describe the CDW formation mechanism [3]. To go further, time-resolved experiments are planned to get the typical timescale of the CDW formation after laser excitation, which depends on the role of the lattice in the mechanism.

Band Structure, Polarization and Switching

Dynamics in Ferroelectrics N. Barrett 

BAND STRUCTURE AND POLARIZATION SWITCHING

Amongst functional oxides, ferroelectrics (FE) have fascinating applications for post C-MOS electronics. Understanding the electronic structure on the micron-and sub-micron scale of domains and devices is a crucial in mastering their potential for fast switching speed, low power consumption and high storage densities.

We have investigated the band structure in microscopic FE domains of BaTiO 3 using wave-vector and energy resolved photoelectron emission microscopy (PEEM), revealing the polarization dependence of the electronic structure thanks to the use of polarized light.

In a second experiment, we have studied the dynamics of MHz polarization switching of a prototypical BaTiO 3 nano-capacitor using time-resolved photoemission, demonstrating the important role of the interface capacitance and its link to the electronic structure.

Finally, we will describe how these and other experiments on functional oxides could be developed in the perspective of advanced photoemission based techniques such as PEEM and near-ambient pressure photoelectron spectroscopy over a wide range of time-resolution.

Ele

J.E. R JP 

ABSTRACT

One of the key steps in nanoscience/nanotechnology is our ability to engineer/fabricate low dimensional nano-objects, such as quantum dots, nanowires, two-dimensional atomic layers or three-dimensional nano-porous systems. Here, we report the 1 st evidence of nanotunnels opening [1]. Such an effect, induced by selective adsorbate interaction at surfaces having intrinsic compressive stress, is demonstrated for hydrogen/deuterium atoms reacting with the sub-surface region of a wide band-gap semiconductor, silicon carbide. This finding is established combining synchrotron radiation-based photoemission, vibrational spectroscopy and ab-initio VASP computations within MedeA ® . Hydrogen/deuterium-induced puckering of the sub-surface Si atoms marks the critical step in this nano-tunnel opening (Fig. 1). Nanotunnels are either metallic or semiconducting, with semiconducting/metallic/semiconducting states transition depending on hydrogen/deuterium coverage. Indeed, the 1 st example of hydrogen atoms leading to the metallization of a semiconductor surface was shown in the case of silicon carbide [2]. Dangling bonds generated inside the nano-tunnel offer a promising template to capture atoms or molecules [1]. These features open nano-tailoring capabilities toward advanced applications in electronics, chemistry, storage, sensors or biotechnology. Understanding and controlling such a mechanism opens routes toward selective surface and/or interface functionalization. 

ABSTRACT

Armchair graphene nanoribbons (GNRs) have been predicted to exhibit tunable gaps, a required property for electronic devices. This relies on edge regularity not achieved by lithography. However sidewall ribbons induced by lithography and annealing the Si-face of SiC are expected to have well defined edges 1 . A deep understanding of the morphology of these GNRs will allow not only to improve the future electronic devices but also to link these properties to the electronic ones. In this work we present a detailed morphological characterization by Scanning Tunneling Microscopy (STM) and High Resolution crosssectional Transmission Electron Microscopy (HR-XTEM) of these ribbons. One of our aims is to address the unknown origin of the gap opening that has been already observed in photoemission 2 . The gap could be driven by either an sp 3 hybridization, by quantum confinement or by strain at the curved edge of the ribbon.

Dirac Cone with Helical Spin Polarization

in Ultrathin α-Sn(001) Films Y. Ohtsubo 1 , P. Le Fèvre 1 , F. Bertran 1 and A. Taleb-Ibrahimi 1,2

1 Synchrotron SOLEIL, Saint-Aubin-BP 48, F-91192 Gif sur Yvette, France 2 UR1/CNRS Synchrotron SOLEIL, Saint-Aubin, F-91192 Gif sur Yvette, France ABSTRACT Topological insulators (TIs) are emerging as a new state of quantum matter with a bulk band gap and odd number of relativistic Dirac fermions, characterized by spin-polarized massless Dirac-cone (DC) dispersion of the edge or surface states (1)(2)(3)(4). The unique properties of surface electrons of TIs are an encouraging playground to realize new electronic phenomena, such as the quantum spin-Hall effect (1, 5), and dissipationless electron or spin transport (5).

In this work, we observed two-dimensional (2D) electronic states on ultrathin α-Sn(001) films grown on InSb(001) substrates (6). α-Sn has the diamond-type lattice and topologically nontrivial bulk band structure. However, its bulk band structure does not have any band gap.

One possibility to open a band gap in α-Sn and make it TI is to make an ultrathin film of α-Sn with quantum confinement of electrons in the film. Angle-resolved photoelectron spectroscopy (ARPES) performed on these films revealed Dirac-cone-like linear dispersion around the Γ point of the surface Brillouin zone, suggesting nearly massless electrons belonging to 2D surface states. The states disperse across a band gap between bulklike quantum well states in the films. Moreover, both circular dichroism of ARPES and spinresolved ARPES studies show helical spin polarization of the Dirac-cone-like surface states, suggesting a topologically protected character as in a bulk TI.

Based on these results,we demonstrated a new opportunity to fabricate ultrathin TI films with thicknesses down to few nm on conventional semiconductors and to control the topological order of its electronic states. These results should offer new perspectives of applications in miniaturized electronic or spintronic devices with TI.

X-ray Magnetic Circular Dichroism Detected by Resonant Inelastic X-ray Scattering: A 2D Photon-in, Photon-out Magnetic Spectroscopy

A. Juhin 

ABSTRACT

XMCD is a powerful, well-established tool, for the element-specific study of the magnetic structure of complex systems. At absorption edges split by spin-orbit coupling (such as L 2,3 edges), it enables the determination of the spin and orbital magnetic moments by means of sum rules. The magnetic moments of 3d transition metal ions are generally studied at the L 2,3 absorption edges using soft X-rays whose short penetration depth is not compatible with demanding sample environments such as high pressure or liquid cells. X-rays are used at the K edge but the very weak XMCD signal and the absence of spin-orbit split edges do not allow for a detailed quantitative interpretation. Recently, we have developed a novel approach, which consists in coupling XMCD and RIXS spectroscopies at the K edge of 3d ions [1]. In particular, we have focused on 1s2p RIXS at the K pre-edge (1s 2 2p 6 3d N 1s 1 2p 6 3d N+1 1s 2 2p 5 3d N+1 ). We have shown that the RIXS-MCD signal measured at room temperature at the Fe K pre-edge in iron oxides such as magnetite and Yttrium Iron Garnet is of the same order of magnitude as L 2,3 -edge XMCD.

In this talk, the new possibilities offered by the combination of RIXS and XMCD in the hard x-ray range will be discussed. RIXS-MCD can be applied in a quantitative way to investigate systems for which the use of soft x-rays is rather challenging, such as: (i) 15 nm-thick magnetite layers buried under 60 nm Au / Pt, for which element-and site-selective hysteresis loops were measured [2], and (ii) bimagnetic core-shell particles with nominal structure Fe 2 O 3 / Mn 3 O 4 , for which RIXS-MCD directly evidenced the existence of a third layer and allowed to determine the thickness of the different layers [2,3]. 

Magnetic Anisotropies of Ferrofluids

ABSTRACT

Ferrofluids are colloidal suspensions of magnetic nanoparticles embedded in a carrier liquid. Ferrofluids are well-known for their spectacular instabilities and their numerous applications : mechanical engineering [1], medicine [2], and optical waveguides [3]. The magnetic nanoparticles of the most common ferrofluids are nanospinels such as CoFe 2 O 4 . In order to determine the spin and orbit magnetic moments, the magnetic couplings and the exchange magnetic anisotropies [4] of the nanospinels, we have performed X-ray magnetism circular dichroism (XMCD) at Co and Fe L 2,3 edges on the DEIMOS beamline [5] at SOLEIL. CoFe 2 O 4 nanoparticles are obtained from two different synthesis routes : co-precipitation process [6], [7] and polyol process synthesis pathways [8]. From XMCD, we have determined the relation between the particle sizes and the chemical order. The stoichiometry as well as the magnetic anisotropy of the CoFe 2 O 4 nanospinels have been measured from XMCD detected magnetization curves. All these provide information on the site symmetry of Co(II) and Fe(III), i.e. octahedral vs tetrahedral sites. The comparison between the magnetization curves measured at either Co or Fe edges sitting either on the Tetrahedral sites or on the Octahedral sites provide a clear picture of the complex magnetic structure of these highly anisotropic nanospinels. This work is partially supported by a grant from the Labex MATISSE. 

ABSTRACT

Prussian Blue Analogues (PBAs) constitute a versatile family of isostructural coordination polymers built on the M-N≡C-M' pattern, where M and M' are transition metal ions (Figure 1a). 1 Varying the nature of the M and M' cations, the stoichiometry of the network, or the nature and the amount of interstitial alkaline cations may lead to a large variety of interesting properties for numerous applications (catalysis, data storage, batteries…).

Although the bimetallic network of PBAs is periodic, their structure is partly disordered due to the presence of randomly distributed interstitial alkaline cations, constitutive vacancies in {M'(CN) 6 } entities, and small distortions of the lattice. While an averaged picture of PBAs may be sufficient to successfully account for certain of their properties, 2,3 a detailed, local description of their structure (Figure 1b) is often needed to understand some of their most exciting properties. 4,5 Based on the A x CoFe series of electronically switchable PBAs, built on the Co-N≡C-Fe pattern, we will demonstrate the relevance of the synchrotron radiation-based infra-red (SR-IR) and X-ray absorption (XAS) spectroscopies as such local probes of the challenging electronic structure of PBAs. 5,6 

ABSTRACT

Aluminum hydride (AlH3) is an important hydride due to its very large hydrogen content of 10.1 wt. % which makes it a very promising hydrogen and energy storage material. AlH3 could also be seen as an archetype of the intriguing effects predicted in metallic hydrides at high pressure, such as high Tc superconductivity or the existence of nontraditional stoichiometries. Recently, the prediction and observation of the metallization of this compound at 110 GPa [1,2] has launched a series of high pressure studies [3,4]. However, a clear understanding of the evolution of AlH3 under pressure is still lacking: What is the sequence of structural changes? Does an intermediate ionic hydride exist between the covalent low pressure and metallic high pressure phases? Is the AlH3 stoichiometry the most stable at high pressure? Why no superconductivity could be measured above 4K in the metallic phase?

We will present a systematic study of the behavior of alpha-AlH3 under pressure by means of spectroscopy (Raman scattering up to 60GPa, Infrared absorption up to 115GPa) and of X-Ray diffraction up to 120GPa. Changes in stoichiometry have also been investigated up to 90GPa by laser heating of Al in hydrogen. The essential results are the following: X-Ray diffraction has been realized at ESRF on beamlines ID9 and ID27 on a single crystal pressurized in neon or hydrogen. Two structural transitions are occurring at 64 GPa and 105GPa. The unsolved intermediate phase (hp1) was found to be monoclinic of space group P21/c similarly to that observed by Besedin et al. [4] on AlD3. We therefore propose a slightly revised equation of state in the pressure range 0-115GPa.

The pressure shift of four Raman modes, as predicted by the factor-group analysis of alpha-AlH3, could be followed up to 60GPa where the first structural transition occurs. Unlike precedent results we did not observe any abrupt decrease in intensity at 30GPa nor a discontinuity in the pressure evolution up to 60GPa in agreement with our diffraction results.

Infrared absorption measurements were performed for the first time up to 115GPa, using the synchrotron IR beamline SMIS at SOLEIL. Between 0 and 60GPa, four of the six predicted IRmodes have been monitored. Above 60GPa, AlH3 undergoes a covalent to ionic bonding transition and at 110GPa a ionic to metallic transition. Our measurements show that metallization is not due to a progressive gap closure under pressure but clearly results from the phase transition.

Infrared measurements also allowed us to provide the first experimental evidence of a new type of low-energy plasmon recently predicted to appear under pressure and to induce anomalous optical properties [5].

Changes in stoichiometry were studied by laser heating samples of aluminum and alane in a hydrogen pressure medium and comparing them with samples of alane laser heated without hydrogen. Results showed that between 30 and 90GPa AlH3 remains the most stable stoichiometry. 

Abnormal Operando

ABSTRACT

Na-ion batteries (NIB) are considered as an attractive alternative to Li-ion batteries (LIB) as they could potentially be much less expensive, safer, and environmentally friendlier. Enlightened by the rich experience concerning compounds used in LIB, new materials for positive electrodes of NIB have been developed with structural type based on layered oxides or polyanions. Following this idea, the NaFePO 4 compound has been synthesized and fully characterized by our group. 1 It presents an olivine structural type very close to the parent compound LiFePO 4 . The Na x FePO 4 phase diagram is however significantly different from the Li x FePO 4 one with the existence of a stable intermediate composition Na 2/3 FePO 4 . 1-4 The Na x FePO 4 behavior during cycling is also dissimilar with a bi-phasic domain up to x = 2/3 but a single-phase one above. 3,4 In order to further investigate this system, X-Ray diffraction experiments have been done during the cycling.

This study conveys striking findings regarding the operando structural behavior of the Na/FePO 4 system during a charge and discharge cycle. From Rietveld refinements of synchrotron operando X-Ray diffraction data (CRYSTAL beam line at SOLEIL), it appears that the active material presents large, non-stoichiometric domains while undergoing structural phase transformation. The corresponding extended limits of solubility are characterized by continuous variations in the metrics that mirror the entry of Na occupancy values into thermodynamically forbidden regions. 5 A major consequence of this smoothed phase transformation is a significant decrease in the lattice volume mismatch, which could well compensate for the less efficient Na-based systems with respect to SEI and adverse effect of cation size in comparison to Li batteries. Comparison of the lattice volume mismatch on charge and discharge revealed an explanation for the asymmetry of the electrochemical curve. In the near future, we anticipate the elucidation of further noteworthy examples regarding the influence of dynamics on the structural behavior of positive and negative electrode materials of the Na battery. The influence of cycling rate is currently being investigated. ABSTRACT The development at CEA of new ferritic/martensitic ODS materials for the cladding of GENIV, Sodium Fast Reactors, and fusion reactor is a key issue [1]. These alloys contain a very high density (>10 24 m -3 ) of Y-Ti-O nanosized particles, responsible of the excellent behavior at high temperature, and favoring the trapping of He in the case of fusion reactor. However, their exact nature is not yet well understood. They appear to range from coherent solute enriched clusters with complex shell structures as found by APT, to near stoichiometric complex oxides, such as Y 2 TiO 5 and Y 2 Ti 2 O 7 , as found from SANS and TEM analyses. Nevertheless, for these nano-oxides, the main point is to remain stable under irradiation up to high fluence and high temperature.

First Analyses at the MARS

Here, we focus on the results recently obtained at the MARS beamline during the first experiment above the exemption limits for radioactive materials, thanks to the agreement of the French Safety Authority (ASN). Two experimental techniques, XRD and XAFS at the Y-K edge, have been performed on ODS ferritic steel cladding coming from a subassembly irradiated between 1984 and 1987 in the french sodium fast reactor Phenix. Four locations along the fuel pin were investigated, with a reference for the non-irradiated state [3]. These results, combined with previous TEM analysis, give a new insight into the atomic configuration on the Y-Ti-O nanoclusters [3]. This presentation will also describe the procedures, methods and experimental conditions required to perform these analyses on radioactive samples at SOLEIL. Details will be given about safety constraints for radioactive samples (transportation, control,…), and more specifically on the sample holder designed for these experiments. 

The Effect of

ABSTRACT

Polymorphism is important in the field of solid-state behavior of drug molecules. Consequently, the investigation of the relative stability of polymorphs of active pharmaceutical ingredients (API) is important and is achieved by our group by constructing pressure-temperature phase diagrams, obtained by X-ray diffraction and differential scanning calorimetry [1][2]. In these phase diagrams, the slope of the solid-solid transition is represented by the Clapeyron equation:

dP dT = ΔH TΔv (1)
Here dP/dT is the slope of the equilibrium in the pressure-temperature phase diagram, ΔH is the transition enthalpy, T the observed temperature of transition, and Δv the change in specific volume associated with the transition. By incorporating pressure in the analysis it becomes possible to fully describe the phase behavior of crystalline active pharmaceutical compounds and to explain and avoid transformations in drug products during processing and storage. However very few data exists on the effects of pressure on the specific volume of drug molecules, necessary for the Clapeyron equation.

L-tyrosine ethyl ester (LTEE), a carboxylic ester that is a prodrug for the amino acid L-tyrosine, exhibits polymorphism under ordinary pressure [3][4]. Consequently, we measured the diffraction patterns, that gives the volume change, of the two already known crystalline forms under pressure and temperature with Psiché. This allows to map the specific volume v of these two forms as a function of pressure and temperature (see figure ).

And surprisingly, a new form appears (III) at a relatively low pressure (around 0.5GPa at room temperature). This new form has been characterized (space group P2 1 2 1 2 1 ) and followed at different pressures and temperatures. It appears that this new form is unstable at ambient pressure.
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PyRod: Visualization, analysis and simulation of surface diffraction data acquired with 2D detectors T. Zhou -(mainly produced in the mitochondrion). Therefore, organisms have developed natural enzymatic defenses among which superoxide dismutase (SOD). 1, 2 These metalloproteins act as the first line of defense by catalyzing superoxide dismutation into dioxygen and hydrogen peroxide. In some pathological situations, antioxidant defenses can be overwhelmed by the flow of ROS. SOD-mimics are small complexes that reproduce the activity of superoxide dismutases, 3 and they have been shown to display an efficient cellular anti-oxidative stress activity. 2, 4, 5 We designed biomimetic Mn complexes such as [Mn(enPI 2 )]PF 6 (see figure below), whose coordination sphere is inspired from the MnSOD active site and that show intrinsic antioxidant activity against O 2 -. 6 A first study in activated macrophages will be presented. Macrophages constitute a relevant model to challenge antioxidant activity in a cellular context as they produce ROS fluxes. Activated macrophages were used to test a Mn-complex, which was shown to efficiently reduces the flow of O 2 -. 7 In addition, recent results concerning the anti-inflammatory activity in an alternate cellular model will also be described. The quantification of the Mn-complex was performed using EPR on cell lysates. Its location was investigated using micro-X-fluorescence on the LUCIA and 2-ID-D beamline at SOLEIL and APS synchrotrons. 

Antioxidant Mn-SOD Mimics: Studies in Cells

ABSTRACT

Vibrational excitation in the infrared (IR) is attractive for chemical-imaging 1 as it induces no photobleaching and it can be used to probe a local environment without resorting an exogenous marker, relying on the specific absorption of biomolecules. However fluorescence shows a better spatial resolution (<100 nm whereas it is >μm in the mid-IR). Thus probes detectable by several techniques open up the opportunity for cross-correlative studies. We showed that metal-carbonyl compounds (M-CO) can be mapped inside cells using their IR-signature. 2,3 Interestingly (L)M-CO bearing specific ligands (L) are luminescent. 4 We envisioned and demonstrated that such compounds based on a single (L)M-CO core could be used as bimodal IR and luminescent probes. We have named them SCoMPIs for Single Core Multimodal Probe for Imaging. 5,6 Cell penetrating peptides (CPPs) are widely used to overcome the cell-membrane weak permeability and to deliver biologically active cargoes. 7 Application of CPPs in the topical and transdermal delivery systems has recently aroused attention in cosmeceutical and pharmaceutical fields. 8 We have thus developped a SCoMPI-CPP derivative, called 1, detectable both by IR and luminescence and exhibiting good permeation properties.

After a 6-hour percutaneous penetration experiment, 9 1 was found mainly distributed in the stratum corneum (SC), and not detected in the deeper layers of the epidermis. After a 24-hour exposure, 1 was found in the whole epidermis, from the SC to the stratum basale, and was not detected in the dermis, deeper than the dermo-epidermal junction. Both IR and luminescent spectroscopies were consistent, showing 1 at the same location (Fig. 1). These preliminary results are very promising, highlighting that SCoMPI-CPP derivatives can be seen as bimodal entities for epidermal targeting. ). Middle: bright field image merged with the luminescence signal of 1. Right: bright field image merged with the staining of nuclei by DAPI that shows the limits of the epidermis. Scale bar 20 µm. 

SUFU is a

ABSTRACT

The HH pathway was discovered during the 1980's. Since then, this pathway has been described to be involved in the development of many metazoans. The HH pathway is very conserved and its disruption causes many human diseases. The HH pathway leads to the expression of some genes via the activation of its transcription factor, CI. On the other hand, when the pathway is switched off, CI is phophorylated, partly degraded into a shorter, repressing form and inhibited by another protein, SUFU. Previous studies showed that SUFU shows several isoforms that can be explained by phosphorylation by PKA, CKI and Fused kinases. , The structure of the Nterminal domain of SUFU was solved. Recently, the structure of the entire protein was published in the PBD ; this structure confirms that SUFU has two domains as shown by Small-angle X-ray scattering (SAXS). However, the biochemistry and structural studies of SUFU were not successful. The evidence of its phosphorylation by these kinases is not established.

During the last year, I studied SUFU phosphorylation and stability. I established, by using phosphorylation essays and radiography, that SUFU is phosphorylated by the PKA and Fused kinases. I also established that SUFU is more homogeneous in presence of Zn by using Differential scanning calorimetry (DSC) and circular dichroism (CD). Finally, I optimized the purification of SUFU expressed with Zn with in order to crystallize it and solve its 3D structure. 

In Situ SAXS and UV-Vis Monitoring of ZnO/ZnS

ABSTRACT

ZnO nanoparticles are currently attracting great interest due to their luminescent properties 1 . In comparison with organic dyes, "Quantum dots" (QDs) have unique optical properties with broad absorption spectra, narrow symmetric emission peak, high fluorescence quantum yield and resistance to photobleaching. ZnO QDs are promising for bioimaging due to their good biocompatibility. However, the photoluminescence of ZnO QDs is not fully understood. Indeed, it has two components. One is the typical UV exciton emission, the other is defect-based visible emission 2 .

ZnO QDs have been previously synthesized using the sol-gel method. Their nucleation and growth were followed by time-resolved small-angle X-ray scattering (SAXS) and X-ray absorption fine structure (XAFS) measurements coupled with UV-Vis absorption 3 . The aim of the present study was to obtain core-shell ZnO/ZnS QDs to modulate their luminescent properties. ZnO colloidal suspensions were prepared by hydrolysis and condensation at 40°C of a precursor solution (Zn 4 OAc 6 ethanolic solution) upon mixing with LiOH ethanolic solution. An ethanolic solution of thioacetamide (TAA) was then added to the ZnO colloidal suspension to supply sulfur ions to form ZnS. This synthesis was performed at 60°C. Different concentrations of TAA were used in the sulfidation process to investigate the influence of TAA on the formation of ZnO/ZnS mixed structures. The structural properties of the obtained nanoparticles were investigated by SAXS, X-ray diffraction at wide angles and electronic microscopy and their UV-Vis absorption spectra were recorded. The luminescent properties of nanoparticles were shown to depend on TAA concentration. The concentration of TAA promoting the formation of core/shell ZnO/ZnS QDs rather than separated nanoparticles has been determined.

ABSTRACT

This project focuses on the fundamental study of technetium speciation in highly acidic medium. The behaviour of technetium in HTFMS was investigated first in the presence of α irradiation. Technetium overall structures were performed using XAS spectroscopy. XAFS measurements were performed on the MARS beamline of the SOLEIL synchrotron. The results indicate the formation of a cyclic dimer of Tc(IV) complexed to triflate ligands and formulated as Tc 2 O 2 (CF 3 SO 3 ) 4 (H 2 O) 4 . This compound is linearized to Tc IV -O-Tc IV with the increase of HTFMS concentration. At high concentration of HTFMS +98% (11.15 M), the protonated species TcO 3 (OH)(H 2 O) 2 which is formed in the absence of external ionizing radiations, is reduced to the (V) oxidation state under α irradiation. Structural characterization by EXAFS spectroscopy and DFT calculations suggests the formation of monomer species of Tc(V)-triflate complexes where [OTc(F 3 CSO 3 ) 2 (H 2 O) 2 ] + and [OTc(F 3 CSO 3 ) 2 (OH) 2 ] - compounds were proposed.

α-radiolysis experiments of Tc(VII) were performed in order to compare the radiolytic behaviour of Tc(VII) in both comparable media HTFMS and H 2 SO 4 (C H2SO4 ≥ 12 M). XANES studies show that radiolytic reduction of Tc(VII) leads to the formation of Tc(V)/Tc(VII) mixture in H 2 SO 4 13 M and Tc(V) in 18 M of H 2 SO 4 . The analysis of EXAFS spectra is consistent with the formation of [TcO(HSO 4 ) 3 (H 2 O) 2 ] and [TcO(HSO 4 ) 3 (H 2 O)(OH)] -monomer complexes in H 2 SO 4 13 M and [Tc(HSO 4 ) 3 (SO 4 )(H 2 O)] and [Tc(HSO 4 ) 3 (SO 4 )(OH)] -species at 18 M of H 2 SO 4 .

Influence of Counterions on Hectorite Swelling

Properties Monitored by NAP-XPS H. Tissot 

ABSTRACT

Natural clays are key materials in ecological engineering, from the geological storage of long half-time radioactive waste [1] to CO 2 sequestration [2]. With respect to these issues, it is crucial to establish a bridge between the microscopic scale (ionic exchange, ion solvation, ion and matter transport) and the macroscopic scale (swelling, retention capacities). One fundamental question is the hydration of clays, which governs their properties and uses. We are interested here in the initial stages of water adsorption on external surfaces and interlayers of a synthetic hectorite clay which can be considered as a "model clay system" because of its well defined swelling characteristics [3].

NAP-XPS brings a new approach with a surface sensitive technique on the adsorption of water by clays. Counterions core-level are sensitive to the hydration state (change in binding energy) due to a screening effect of the negatively charged clay layers by water molecules. In the case of Na-hectorite a shift of 0.9 eV of the Na 2s binding energy was observed when the relative humidity increased to 60%. Furthermore, varying the electron mean free path through the excitation energy and analysing the O 1s core level [4] reveal the water presence in the clay interlayer. These tools allow us to compare the effect of counterions of different size and charge as Na + , Cs + and Sr 2+ ; and to understand how the presence of these counterions is affecting the swelling pattern.

Investigation of Oil Uptake in Fried Foodstuffs using Synchrotron Radiation

J.M. Vauvre (1,2) , A. Patsioura (1) , R. Kesteloot (2) , F. Jamme (3) , O. Vitrac ( 

ABSTRACT

Fried food products, including French-fries, chips, nuggets… are regularly associated to "junk food". Consumer preferences for such products originate from their unique crispiness, but their high oil content is definitively a drawback. Imbibition of fried products by oil occurs mainly when they are removed from the frying bath. During this stage, oil capillary pressure exceeds internal pressure and combined with steam condensation trigger oil infiltration. Both connectivity of cells and biphasic oil-air capillary flow play a central role 1, 2 . Previous experiments in micro-computed Xray tomography demonstrated that oil reaches large cavities in par-fried frozen French-fries via a very small number of entry points ca. 6 cm -2 . This surprising result was specifically studied at synchrotron SOLEIL via two specific projects using UV (DISCO beamline) and IR (SMIS beamline) radiations. The complementarity between lab-scale experiments and simulations with devoted synchrotron experiments is particularly discussed.

The first project at SOLEIL emphasized the percolation of oil though the two first layers, when the potato parenchyma was first equilibrated with super-heated steam at 120°C (i.e. fried without oil) and subsequently exposed to oil at the same temperature. Since air was present during the experiment, the role of trapped air could be elucidated by imaging dynamically the UV fluorescence of cell walls and the fluorescence of dyed oil. A 3D reconstruction at the scale of digitized structures enabled to relate the penetration kinetics of oil and the dynamics of trapped air bubbles within defects smaller than few micrometers. The creation of a bi-phasic counter current was simulated numerically with a capillary model integrating the variations of drag and capillary forces in presence of air bubbles. It was shown that the ratio bubble-to-defect diameters was controlling the delay between the first and second cell layer varying from few tenth seconds up to minutes.

Major constituents of potato parenchyma in the crust (cell walls and glassy molten starch) were found remarkably very good barriers to oil (barriers for hours), while exhibiting a good permeability to steam and air. Numerical simulations demonstrated that such very low permeabilities originate from the high fluctuations of pore diameters from nanometers to micrometers. Conversely, deep oil infiltration observed in industrial French-fries was associated to a zip-like opening of junctions in cells injured during the freezing step. A general methodology to detect the accumulation of mechanical constraints between the rubber crumb and the glassy crust during frying was devised at SOLEIL. At the scale of cell walls, we used 2D FTIR (temperature×wavelength) microspectroscopy in ATR mode to assess the variation of absorption bands with temperature and glass temperature. In temperature and relative humidity conditions, it was shown that the first derivatives of spectra with temperature (T) and glass transition temperature (Tg) were opposed and enabled the identification of the difference T-Tg from the displacements of C-O-C, CH cellulose stretching bands and of COO stretching pectin bands. A new project will be submitted in 2014 to reach a dynamic imaging of Tg map during simulated frying conditions. Standard ab initio calculations and fitting programs are not well suited to predict and analyze such species containing one or two internal rotors and showing strong coupling effects. Another open question is the influence of the symmetry properties and their influence on rovibrational spectra. A simple rigid rotor model will not be suitable to describe such molecules, so that interaction terms are strongly needed. To understand such highly dependent internal motions, suitable theoretical models are needed.

Understanding Large Amplitude Internal Motions -Laboratory Search for Vibrational Excited Spectra of Oxadisulfane (HSOH) and Singly

Up to now especially for the vibrational excited states of singly 13 C substituted species only ab initio calculations were available the same is true for HSOH. There have up to this summer been no broadband measurements of pure probes of singly 13 C substituted DME.

In summer 2013 we aimed for measurements of oxadisulfane. Therefore we used a completely new designed absorption cell that consisted of parts from Kassel and from SOLEIL. This very challenging RF-plasma experimental setup worked well and we gained an absorption pathway of 4 m. We were also able to record broadband spectra of a pure sample of singly 13 C substituted DME. All measurements were done within the spectral region from 50cm -1 to 700cm -1 at a resolution of 30MHz using the FT-IR spectrometer at the AILES beam-line. The gained spectra have perfect signal to noise ratio and reveal many transitions.

For DME they allow us the assignment of the C-O-C in bending mode as well as of the first torsional excited states ν 11 and ν 15 . The band centers of the last two lie roughly at 190cm -1 and 240cm -1 this corresponds to temperatures of 270K and 340K. This is within the range of lukewarm cores of star forming regions. In the case of Oxadisulfane first analyses of the spectra gives clues about the formation process within the plasma.

The recorded data will help us to identify these species in interstellar medium and thereby help to break through the line confusion of interstellar weeds. The recorded spectra will help to develop improved quantum chemical models and calculations, for a better understanding of large amplitude internal motions.

Magnon to Electro-active Excitation Transmutation in the ErMnO 3 Multiferroic

L. Chaix 

ABSTRACT

The recent interest for spintronic and more generally of spins/charges cross controls devices motivates material science research in the field of (i) multiferroicity where magnetic and ferroelectric order parameters coexist, (ii) magneto-electric effect, cross coupling between magnetic and electric degrees of freedom and (iii) magnonics. The dynamical magneto-electric effect has been investigated so far in the form of electric-charge dressing of magnons called electromagnons, as observed recently in some multiferroics [1,2,3].

The low energy dynamical properties of the multiferroic hexagonal perovskite ErMnO 3 have been studied using FIR and THz spectroscopies and inelastic neutron scattering, with and without polarization analysis. These complementary spectroscopic tools have allowed us to ascribe the various observed excitations either to magnons induced by the Mn magnetic ordering, to crystal field transitions of the rare earth ions or to phonons. A main antiferromagnetic order for the Mn 3+ ions takes place below T N ≈ 80K. A complex phase diagram (magnetic field / temperature) is induced at low temperature with several transitions and spin reorientations due to the Mn-Er coupling. The dynamical spectra were obtained by measuring the THz transmission at the AILES beamline of the Synchrotron SOLEIL within a cryogenic environment. The wide-range energy [10cm -1 to 200cm -1 ] combined with the natural polarization (98%) of the THz radiation allowed us measuring magnetic and structural excitations with different selection rules implying all possible geometries for the THz electric and magnetic field as regards to the crystal c-axis: h//c e⊥c, h⊥c e//c and h⊥c e⊥c.

Two intense absorption signals were detected at 6K for h//c e⊥c and h⊥c e//c around 18.5 cm -1 and 45 cm -1 respectively. Both absorptions disappear above T N . For h⊥c e⊥c, no particular absorption was detected in this energy range. From comparison with inelastic neutron scattering and spin wave calculations, we assign the first signal to a standard magnon (M) whereas the signal at 45 cm -1 (h⊥c e//c) is attributed to an electromagnon (EM).

The cross coupling between Mn and Er might explain the electrical dipolar behaviour of the non conventional EM excitation observed in the THz and FIR experiments with a hybridization between the Er crystal field and the Mn magnetic moment [5]. 

Interface Electronic

ABSTRACT

The defining property of a Ferroelectric (FE) material is a spontaneous macroscopic polarization which can be reversed under an applied electric field. This has attracted wide interest, the perspective of strain engineering films for FE-based electronics [1]. Switching the polarization of such films requires a metallic contact, raising fundamental issues on the behavior of the interface between the FE layer and the electrode.

Metallic oxide electrode screening can be very different from that of a noble metal such as platinum. High quality epitaxial growth reduces the interface defect concentration. In spite of lower free charge carrier concentration and mobility, ionic relaxation at the electrode/ferroelectric interface provides an additional screening mechanism of the depolarizing field [2].

We have used hard X-ray photoemission spectroscopy (HAXPES) to probe the buried SrRuO 3 /BaTiO 3 interface in a SrRuO 3 /BaTiO 3 /SrRuO 3 capacitor with varying thicknesses of the top SrRuO 3 electrode.

We directly measure the polarization dependent band alignment thanks to a sample design allowing in-situ biasing. We observe a polarization-induced shift in the electron barrier heights of 0.40 eV when polarization switches. This shift is smaller than those measured with other metallic electrodes [3,4] and is related to the additional screening provided by ionic displacement of the SRO ions as observed by HRTEM. 

In-situ GIWAXS and GISAXS Measurements During AgCo Nanoparticle Growth

A. Lemoine Alice Domon et Léonie Duquet, 75205 Paris * asseline.lemoine@cnrs-orleans.fr ; asseline.lemoine@synchrotron-soleil.fr ABSTRACT AgCo nanoalloys are studied for their promising magnetic and plasmonic properties, which are governed by size, morphology, structure, and composition effects, but also by the mixing state. Specially, cobalt and silver present a complete immiscibility gap in bulk at room temperature. Owing to the energetic parameters of this system (surface energy, mixing energy), and lattice parameter mismatch between Co and Ag, theoretical studies reveal a strong segregation even at reduced scale. According to nanoparticle (NP) size, and composition, the segregation may be partial (core-shell), or total as Janus-like particles [1,2]. To understand AgCo NP structure and chemical configuration, growth mechanisms need to be studied.

The purpose of our experimental work is to investigate thermodynamic phenomenon influence, relative to kinetic parameter role, on the structural and morphological evolution during AgCo NP growth. The study focuses on NPs smaller than 5nm, prepared by UHV evaporation\condensation on an amorphous substrate. In-situ characterizations are performed thanks to Grazing Incidence Wide and Small Angle X-rays Scattering methods [3] (GIWAXS and GISAXS) on the SixS beam line (SOLEIL synchrotron).

Firstly, bi-metallic NP formation by sequential deposition (Ag then Co) is examined. GISAXS measurements permit to identify nucleation steps, and morphological changes, while GIWAXS gives access to the structural atomic arrangement evolution. A comparison with AgCo NP growth, prepared by a co-deposition mode (Ag and Co simultaneously), reveals that thermodynamic mechanisms overcome on kinetic parameters at these NP sizes, and govern the nanoalloy final structure for similar concentrations and amount of matter. Secondly, a study of Co oxidation influence reveals significant structural and chemical configuration changes. A simple annealing above 300°C permits Co atoms deoxidation [4]. Finally, Anomalous X-rays Scattering [5,6] measurements realized at the Co K-edge, which provide selective information about Co atoms environment, exhibit a strong phase separation between Co and Ag.

Ferromagnetic Nanowires Embedded in CeO 2

A. Novikova 

ABSTRACT

Magnetic nanowires are promising for high density data recording [1] and very interesting from the theoretical point of view because of their large form anisotropy and small lateral size (from several to several tens of nanometers). Several approaches to their fabrication are possible [2,3]. This work is dedicated to the characterization of ferromagnetic nanowires fabricated by pulsed laser deposition [4]. Nanowires form spontaneously within cerium oxide thin films during growth from CoO and CeO 2 oxides. The nanowires grow perpendicular to the substrate surface with a diameter of 1-5 nm and they have an easy magnetization axis parallel to their geometrical axis (Fig. 1). We analyze the nanowires using X-rays absorption spectroscopy (XAS) and magnetometry. XAS is carried out ex situ at ambient pressure and temperature as well as in situ during thermal treatments (under high vacuum or at low pressure of oxygen) on samples doped with cobalt with proportion varying from 5 to 30%. Recent studies were dedicated to consequent oxidation-reduction treatments in order to investigate the cobalt crystalline state reversibility within the samples. These studies show that the state may be reversible under certain temperature, oxygen pressure and oxidation duration (Fig. 2). This approach gives us an idea on the stability of the nanowires structure as well as on their growth mechanism. By means of XANES we demonstrate that nanowires contain cobalt mostly in metallic (hcp) or in oxide form and determine the proportion of Co in the matrix. The Co fcc phase has been detected too and confirmed by HRTEM. Alloying with Ni stabilizes the Co fcc phase [5].

We acknowledge financial support from the ANR (ANR-2011-BS04-007). 

ABSTRACT

Nano-structured metallic nitride films are generally used as protective coatings in different machining applications [1]. Ti 1-x Al x N (0 ≤ x ≤ 1) is considered as a model system, where TiN (fcc) and AlN (hcp) do not mix over the whole composition range due to their low miscibility. However, the physical vapour deposition (PVD) allows achieving metastable phases of Ti 1-

x Al x N, where Al atoms are partially substituting for Ti in fcc lattice [2]. Ti 1-x Al x N coatings exhibit high hardness and oxidation resistance for the maximum Al substituted to Ti in fcc lattice (about x=0.6) [3]. The proportion of grain boundaries and the limit solubility play a major role on the mechanical properties and resistance to wear of the coatings. Several techniques are employed to investigate two sets of Ti 1-x Al x N thin films deposited by magnetron reactive sputtering from two types of metallic targets onto Si (100). By combining the selectivity on the lattice symmetry of X-ray diffraction (XRD) and the local approach of Xray absorption fine structure (XAFS) [4,5], diffraction anomalous fine structure spectroscopy (DAFS) [6,7] allows a separate investigation of crystalline domains regardless of lessordered area. X-ray absorption near-edge structure (XANES) and Diffraction anomalous near edge structure (DANES) are ideally suitable to provide insight into local environment of atoms present within complex films like ternary nitride coatings. Therefore, the coordinence of Al and Ti in Ti 1-x Al x N nitrides is either tetrahedral (hexagonal-like) or octahedral (cubic-like) and determines the shape of pre-edge. For Al-rich films close to x=0.6, the difference observed between DANES of hcp [002] and XANES proves that a significant part of Ti atoms are located in nanocrystallites with cubic symmetry outside of the hcp crystallized columns. For Ti-rich films close to x=0.5, the pre-edge peak has roughly the same shape for XANES and DANES indicating that Ti atoms in crystallized domains and grain boundaries are all in octahedral cubic local order. By combining those local probes, it becomes possible to know how the tetrahedral and octahedral sites are shared between crystallized domains and grain boundaries, depending on the composition. 

ABSTRACT

The in situ growth of Nanostructures on Surfaces/Interfaces (INS) end station of the BM32 French CRG beamline (ESRF) has been used for years to analyze the structural properties of nanoparticles in situ, during their MBE (Molecular Beam Epitaxy) growth, combining grazing incidence x-ray diffraction (GIXD) and grazing incidence small angle x-ray scattering (GISAXS) [1]. A UHV-CVD injection system has been added recently to allow investigation of the VLS and the VSS growth processes of Si and Ge NWs [2].

Results on the growth of Si NWs on Si(111) (fig. 1) will first be presented. The Si NWs sidewalls are decorated with dodecagonal sawtooth faceting, as shown by the intense scattering streaks observed in reciprocal space. The NW length (hence their growth velocity) as well as their size distribution are probed in situ with different X-ray techniques.

Recent attempts on the heteroepitaxial growth of SiGe coreshell (radial) and rootstem (axial) NWs will then be presented. The strong overgrowth of Ge on Si NWs causes substantial changes to their original sidewall morphology while in the reverse scenario wellordered faceted signals are observed coming from the Bragg peaks of both materials (fig. 2). With in situ anomalous scattering techniques, we were able to probe the stress relaxation during the very early stage of heteroepitaxial growth, i.e. when materials close to the heterojunction were being deposited. Preliminary results of these measurements will also be presented. 

ABSTRACT

In the colder parts of the interstellar medium (ISM), the majority of molecules are formed or accrete onto dust grains, forming icy mantles. These molecular ices represent the main reservoir of molecules in these regions, constantly enriching the gas phase via desorption processes, and thus strongly influencing its chemistry. Because of the low temperatures (T ~ 10 K), non-thermal desorption, i.e. desorption triggered by energetic particles (photons, electrons, cosmic rays) impact on the ices, is seen as the major process which explains the observed gas-to-ice balance of small molecules. The VUV photodesorption of several pure molecular ices have been investigated in a number of studies, using broad-band H 2 discharge lamps peaking at 10.2 eV (Lyman-α) (e.g. [1][2]). These studies have provided an idea of the photodesorption yields of several pure species as well as empirical constraints on the underlying mechanism, but could not (i) take into account the spectral structure of the UV field, that can significantly vary from a region to another, and (ii) unveil the molecular mechanism responsible for the molecules desorption.

Using the monochromatized vacuum UV output of the synchrotron SOLEIL -DESIRS beamline, we show that the photodesorption from simple molecular ices, in the 7-14 eV range, is strongly dependent on the photon energy [3][4][5]. The energy-resolved desorption spectra allowed us to derive the underlying molecular mechanism. The process has been revealed to be an indirect surface mechanism, triggered by the electronic excitation of subsurface molecules, and strongly influenced by the intermolecular interactions in the ice. These interactions being very sensitive on the local environments of the molecules, it is expected that the photodesorption efficiency varies significantly in pure ices or in binary mixed-ices [6].

Recent results on pure CO and N 2 ices photodesorption will be presented. In particular, the roles of the photon energy and of the composition of the ices (pure vs mixed) will be highlighted, together with some astrophysical implications for the gas phase abundances in the cold parts of the ISM [7].

Fission Product Chemistry on Nuclear SIMFUEL (SIMulated FUEL) Studied by HERFD-XANES using the Emission Spectrometer of the MARS Beamline. 

ABSTRACT

The most challenging research in nuclear energy concerns nuclear fuel and its behavior particularly in case of accident. Nuclear fuel behavior and its interaction with cladding materials strongly depend on the chemistry of fission products during the irradiation process. A good knowledge of fission products chemistry in nominal and accidental conditions is mandatory to understand, model and finally control the release of radioactive materials during severe accident, such as Fukushima one in 2011. In particular, speciation data are key parameters to establish accurate thermodynamics modeling. Such information can be supplied using X-ray Absorption Spectroscopy (XAS). But, due to the very high radioactivity of the sample (>200 Mbq/mg), and the impossibility to isolate the fluorescence line of one element (background interference of radioactivity, Bragg peaks due to the actinide matrix and fluorescence from other nearer Z elements), implementation of this analysis is impossible.

To overcome the former difficulty, the use of simulated UO 2 nuclear fuel, as known as SIMFUEL, is a good alternative. SIMFUEL samples are manufactured by doping a UO 2 powder with 11 different elements (Ba, Ce, La, Mo, Sr, Y, Zr, Rh, Ru, Pd and Nd) in concentration representative to ones reported in irradiated fuel [1]. Extensive characterizations have demonstrated that the microstructure and phase structure obtained are similar to those of irradiated fuel [1].

To overcome the latter difficulty, the XAS experiment can be performed by using a multicrystal analyser spectrometer such as the one that is present on the MARS beamline. This spectrometer is based on the use of silicon crystals in the Rowland circle geometry which, by diffracting the emitted X-rays, allows simultaneous focusing and energy discrimination with higher resolution than a conventional solid detector.

The comparison between High Energy Fluorescence Detected XANES (HERFD-XANES) and Total Fluorescence Yield XANES (TFY-XANES) shows large benefits of this approach to collect good spectra in diluted radioactive materials. The latest results obtained on virgin and annealed SIMFUEL samples at the Mo [2], Zr and Ru K-edges using the emission spectrometer of the MARS beamline will be discussed. These steels are composed of ferritic steel strengthened with implanted nano-particles of Y, Ti and O. These particles are expected to be coherent and to be stable under irradiation improving the mechanical properties of the steel. About their composition there is not agreement in the community: particles may assume a pyrochlore structure with the composition of Y 2 Ti 2 O 7 [1,2] or have a size dependent composition based on Y, Ti, O atoms [3] or even be composed of different shells with the presence not negligible of Cr [4]. The pyrochlore structure has been deeply analyzed [5,6,7] because of its magnetic, electric, thermal properties and because is a candidate for the immobilization of of actinide rich waste. This study is focused on the characterization of pyrochlore Y 2 Ti 2 O 7 under ion irradiation in order to understand how irradiation could influence the structure, composition and stability of Y 2 Ti 2 O 7 . The analysis has been performed at the MARS beamline in a frame of collaboration with CEA and Paris Sud University.

X-ray

The irradiation was performed at six different fluences (from 2×10 11 to 10 13 ions/cm 2 ) with high energy ions and the results may be summarized as follows. By X-ray diffraction it has been observed that the oxide becomes more and more amorphous above all after certain fluence (~10 12 ions/cm 2 ). Similar results have been obtained by linear combination fit of XANES spectra measured at the Ti K edge combining the reference unirradiated sample with and the most irradiated sample. The XANES spectra of Ti show also a change of the pre-edge features, from the typical three pre-edge peaks to one large peak. The slight shift of the absorption edge to smaller energies confirms a change of the coordination number from Ti 6 to Ti 5 [7] At the Y K edge it has been possible to evaluate the Y-Y and Y-Ti distances. The Y-Y distance slightly increases with the ion fluence. The most important result at the Y K edge concerns the appearance of anti-site substitution (Y at the place of Ti and vice versa) which seems to increase up to involve the ~30% of the atomic sites. Moreover the analysis of spectra of the samples irradiated at the highest fluences show also a split of the second shell of oxygen meaning probably a local deformation to a different structure. 

Monitoring Nanocatalysts by

ABSTRACT

Because of their infinite complexity, nanomaterials can be tailored for many catalytic applications: they provide a catalog of active and selective catalysts. In particular, it has been shown that multimetallic nanoparticles (alloy, core-shell structure, etc.) present properties that are significantly different than those of the corresponding physical mixtures of metals. This prompted a wide community of experimentalists to design innovative nanostructures and assess their capabilities in environmentally-relevant processes, such as the Fischer-Tropsch Synthesis.

In this latter reaction, carbon monoxide and dihydrogen are reacted on metal nanocatalysts (Fe, Co, Ru…) to produce a range of products including liquids fuels and valuable chemicals. While this process is gaining more and more attention due to limited natural oil and gas supply, its detailed mechanism is still subject to controversy. In the present work, ambient-pressure XPS and soft X-Rays high-pressure XAS have been combined as in situ techniques to unveil the nature of the nanocatalysts surface and give indications about the adsorbates and reaction mechanism. Size-controlled cobalt-based nanoparticles (mono and bimetallic) have been shown to dissociate the CO molecule more efficiently with the help of adsorbed hydrogen. Moreover, changes in surface composition under catalytic conditions have been observed and linked to increased selectivity for oxygenated products. 

ABSTRACT

In the recent past, nanostructures attracted enormous attention due to their novel properties not observed for bulk materials originating from size effects. While bulk Si is brittle at room temperature and becomes ductile at elevated temperatures, silicon nanopillars with diameters of less than few hundred nanometers show a ductile behavior [1].

To study this brittle-ductile transition, Si pillars were created from a silicon on insulator (SOI) wafer by electron beam lithography, deformed employing a nano-indenter [2], and subsequently investigated by coherent X-ray diffraction. The SOI layer with a different crystalline orientation than the bulk wafer allows for disentangling the diffraction signals of the pillars and the substrate. Figure 1 (a), (b), and (c) present the diffraction signal of a pristine pillar, the loading-unloading curve, and the diffraction pattern for the mechanically deformed pillar. Compared to the pristine pillar, the diffraction pattern of the deformed one shows a splitting of the Bragg peak and an inclination of size oscillations. During the User Meeting results obtained on pillars with diameters ranging from 100 nm to 2 µm will be presented. In the future, we plan to perform in-situ mechanical tests on Si nanostructures using a newly developed in-situ atomic force microscope [3]. 2004) (combination of EDX and angular dispersive Xray diffraction, ADX). One of the difficulties when building such setups is the rotation mechanism which cannot be physically attached to the rotation axis, potentially leading to large circle of confusions on the horizontal position of this axis. Thanks to translation corrections done at each angle step, the circle of confusion is minimized to 3x6 µm 2 along the 35° travel, making possible measurements on very small objects. Combining EDX and ADX has a lot of advantages and we will present our first results obtained using this setup.

The PSICHE focusing optics and monochromator are also used to focus monochromatic beams (up to 52 keV) on 2 different experimental stations. The first focal point at 31 m gives a beam size of 100x50 µm 2 (HxV) and is useful for low pressure experiments and experiments done with the PE press associated with Soller slits. A PerkinElmer flatpanel detector can be precisely scanned in 3 directions, making ADX measurements at the highest possible resolution on this beamline. This station will also be used for diffraction tomography experiments. The second focal point at 37.6 m is located behind KB mirrors on the third experimental station. 10x10 µm 2 beam sizes (full width) are expected. This station will be used for DAC experiments, with or without our future laser heating setup. Finally, parallel beams can be produced with sizes up to 15x5 mm 2 (HxV) for tomography experiments, in pink (filtered white) beam or monochromatic beam. We plan to use rotating anvils presses such as the rotoPEc (J. 

ABSTRACT

La caractérisation absolue en rendement des détecteurs permet de connaître la puissance optique incidente sur l'échantillon étudié et s'avère indispensable pour les applications à caractère métrologique et pour des analyses quantitatives précises. L'utilisation d'un radiomètre cryogénique à substitution électrique est une technique largement utilisée par les laboratoires de métrologie nationaux, particulièrement dans le domaine des rayonnements visibles (1,2). La technique est basée sur l'équivalence entre la puissance fournie par le rayonnement photonique et la puissance produite par un courant électrique.

L'application aux rayonnements X a été développée par le CEA/DAM (3) : le bolomètre (BOLUX : BOlomètre pour l'Utilisation dans le domaine des rayons X) utilise un cristal de germanium refroidi à 1,3K comme élément de détection de l'élévation de température consécutive à l'interaction d'un faisceau de photons monochromatiques. La mesure s'effectue en deux temps : le bolomètre est soumis au rayonnement photonique, puis le faisceau est occulté et le bolomètre est chauffé par un courant électrique tel que l'élévation de température soit identique à celle obtenue avec les photons. Les grandeurs électriques peuvent être mesurées de manière absolue et la puissance obtenue peut être déterminée avec des très faibles incertitudes. Le faisceau photonique est ainsi parfaitement caractérisé et peut être envoyé sur un autre détecteur (photodiode) à étalonner.

Le bolomètre BOLUX est donc capable de mesurer une puissance radiante de manière absolue et avec précision. Il a été utilisé pour étalonner en rendement une diode de type AXUV du Laboratoire National Henri Becquerel sur la ligne de Métrologie dans la gamme 4-28 keV. Cette gamme d'énergie dépasse la gamme originelle du bolomètre et des simulations de Monte-Carlo viennent en appui pour quantifier la perte de rendement dû à l'échappement des photons fluorescence au-dessus de l'énergie de liaison K du germanium. Les résultats ont été comparés avec les valeurs de rendement fournies par le constructeur pour une diode de la même gamme et montrent un très bon accord avec les mesures.

L'expérience a de plus montré que la sensibilité maximale obtenue à une température de 1,3K n'est pas nécessaire quand la puissance est supérieure au µW et qu'on pouvait se contenter d'un refroidissement à 4K. Si elles sont pratiques pour l'utilisateur, ces tables sont basées sur des mesures anciennes, ou des calculs théoriques quand les mesures manquent. Cependant, les incertitudes associées peuvent être assez importantes, en particulier pour des énergies de photons inférieures à quelques keV. En effet, plus l'énergie est faible, plus l'élément est absorbant et plus l'échantillon utilisé doit être fin et l'incertitude associée à la mesure d'épaisseur est grande. Des biais systématiques peuvent aussi apparaître. Finalement, les incertitudes estimées des valeurs existantes en-dessous de 1 keV sont de quelques % pour tous les éléments et certainement supérieures à 25 % en-dessous de 500 eV. Des mesures récentes ont aussi révélé des écarts importants, de quelques % au-dessus de certains seuils K 4 .

Métrologie des Coefficients d'Atténuation Massique

Ce travail présente ici de nouvelles mesures effectuées par le Laboratoire National Henri Becquerel (laboratoire de métrologie pour les rayonnements ionisants) sur la ligne de métrologie de SOLEIL, pour plusieurs éléments pour une gamme d'énergie allant de 50 eV au minimum à 35 keV au maximum. Ces mesures bénéficient des moyens actuels pour déterminer précisément ces données avec des incertitudes relatives de l'ordre de 0,5 % dans la plus grande partie de la gamme d'énergie. Ces résultats sont obtenus en prenant des précautions pour réduire les causes d'erreur et en quantifiant tous les facteurs d'incertitudes (en particulier, qualité du faisceau de photons et caractéristiques des cibles utilisées). Ces mesures systématiques sont menées dans le cadre de l'initiative internationale « Fundamental Parameters » regroupant plusieurs laboratoire nationaux de métrologie, différents instituts de recherche et des industriels 5 . Ainsi, les résultats obtenus à SOLEIL sont comparées avec des mesures effectuées au PTB et avec les données existantes. Un site internet regroupera à terme ces valeurs expérimentales afin de les mettre à la disposition des utilisateurs. 

Sweet Block Copolymer Nanoparticles

ABSTRACT

We present here the design a new class of linear amphiphilic block co-oligomers (BCO) exclusively constituted of biocompatible and biodegradable saccharidic blocks. As an example, we describe herein the preparation and physicochemical studies of a BCO consisting of a bare maltoheptaose derivative as the hydrophilic block "clicked" to its peracetylated maltoheptaose form as the hydrophobic block.

Maltoheptaose is a linear α-(1,4) glucan of seven glucosyl units obtained from the ringopening of β-cyclodextrin and can be hydrolyzed by starch-degrading enzymes such as glucoamylase or α-amylase. The hydrophobic block was generated by "masking" the hydroxyl groups thanks to ester linkage-mediated hydrophobic. The molecular structure is presented bellow: This amphiphilic BCO self-assembles to form spherical micelles in water with an average diameter of 30 nm. The efficient enzymatic hydrolysis of the maltoheptaose that constitutes the shell of the micelles was followed by light scattering (SAXS, DLS and SLS) and colorimetric methods. We have demonstrated, using both light scattering and colorimetric techniques, that the micelles are sensitive to Mal7-degrading enzymes. Moreover, we have clearly observed a reassembly process of the micelles during the course of the shell hydrolysis.

In addition to results previously published elsewhere 1 , we demonstrate here the effects of concentration and co-solvents. By increasing the concentration we observed a morphological transition towards worm-like micelles and the addition of THF favored the formation of large compound micelles (LCM).

pH R o
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ABSTRACT

Hydrides of RM 2 Laves phases (R= rare earth and M= Mn, Fe, Co) have been widely studied for the influence of hydrogen absorption on their magnetic properties [1]. RFe 2 compounds form hydrides (deuterides) with different structures derived from the C15 type cubic structure of the parent compounds depending on the H(D) content [2][3]. YFe 2 D 4.2 is monoclinic and displays a sharp magnetic variation at T F-AF =84 K, which corresponds to a transition from a ferromagnetic towards an antiferromagnetic structure [4]. A giant isotope effect has been observed on the magnetic properties of YFe 2 (H,D) 4.2 compounds: the F-AF transition is 47 K higher for the hydride compared to the deuteride [5]. T F-AF can be also tuned by applying a pressure [6] or replacing Y by another rare earth element [7]. Y 0.5 Tb 0.5 Fe 2 D 4.2 displays the same transition temperature (T F-AF = 130(1) K) than YFe 2 H 4.2 . However, its cell volume is only 0.35 % larger than that of YFe 2 D 4.2 , compared to 0.78 % for YFe 2 H 4.2 . This indicates that the variation of T F-AF is not related to a pure magneto-volume effect and that the molecular field of the Tb moment has also a strong influence on the transition temperature.

In order to understand more clearly the relative role played by the volume and the Tb moment on the magnetic transition, we have investigated the influence of the applied pressure on the structural and magnetic properties of these compounds. Applying a pressure allows to decrease the volume and study its influence on the magnetic transition.

YFe 2 D 4.2 , YFe 2 H 4.2 and Y 0.5 Tb 0.5 Fe 2 D 4.2 have been studied by powder diffraction under pressure at the PSICHE beam line of the SOLEIL synchrotron. The evolution of the diffraction patterns shows that several structural transitions occur for pressures above 4 and 13 GPa. XMCD measurements versus pressure and temperature have been also performed at the ODE beam line of the SOLEIL synchrotron at the Fe-K edge for YFe 2 D 4.2 and Y 0.5 Tb 0.5 Fe 2 D 4.2 and at the Tb L III edge for Y 0.5 Tb 0.5 Fe 2 D 4.2 .The results will be presented and discussed in complement with magnetic measurements under pressure and neutron diffraction experiments. 

X-ray Absorption

ABSTRACT

Intermetallic nanoparticles such as Pd 2 Ga supported on SiO 2 are very attractive as catalysts for CH 3 OH synthesis from CO 2 by hydrogenation. Pd 2 Ga-based catalysts have been prepared by incipient wetness impregnation of Pd and Ga nitrates, drying, calcination in air at 250°C and reduction/alloying in H 2 /He at 550°C. Ex situ characterization by XRD and TEM has confirmed the formation of Pd 2 Ga phase. It is well-known that catalytic activity may be strongly influenced by the shape and size of nanoparticles 1 . To rationally design such nanoparticles one has to understand how the intermetallic phases are formed on a nanoscale. Hence, we have followed the reduction and alloying processes towards Pd 2 Ga by in situ XAS at the SAMBA beamline at SOLEIL. Thanks to the unique facilities available at this beamline, we have traced the alloy formation at the Pd K-and Ga K-edges on the same sample during the annealing under H 2 , by alternating rapidly between the Si(311) and Si(111) monochromators, respectively 2 . The phases that resulted from the calcination process were identified as PdO and Ga 2 O 3 , and the hardly visible second coordination shells pointed to a high dispersion/small particle size. Even at room temperature, the PdO-like phase is converted to Pd under H 2 stream, on the other hand; the Ga 2 O 3 -like structure is barely affected. During the annealing, around 350°C, the Ga 2 O 3 -like compound seems to be transformed. EXAFS analysis suggests a mixed Ga x Pd y O z , since the inner shell can be assigned as O and outer shells as Pd and Ga. A Ga-Pd scattering path was observed in both Pd K and Ga K edges. At 550°C the alloying process is finished and Pd 2 Ga was confirmed by EXAFS. In both Pd K and Ga K edges, only the first coordination shells are clearly defined. For improving our understanding of the alloying process, the same annealing procedure was repeated for Ga(NO 3 ) 3 supported on SiO 2 . During the heating up Ga(NO 3 ) 3 is nearly fully converted to a Ga 2 O 3 like phase around 200°C, and a reduced Ga x O y phase starts to be formed from 350°C. These reduced Ga x O y species were only stable at high temperatures. During the cooling down step, around 380°C, the reoxidation forming Ga 2 O 3 was almost completed. The annealing of Ga(NO 3 ) 3 has shown that the Pd is necessary to achieve the complete reduction of Ga oxidized species. It may be related to the spillover of H 2 on the surface of Pd forming high reactive atomic H species, which would completely reduce Ga oxide and therefore lead to the Pd 2 Ga. 

XANES, a

ABSTRACT

Cisplatin, carboplatin and oxaliplatin are largely used worldwide as anticancer drugs. Their reactions with sulfur nucleophiles are implied in many in-vivo and in-vitro detoxification processes [1]. These complexes and their degradation products, obtained in the presence of chloride or sulfur molecules, have been characterized by EXAFS [2][3][4][5][6]. In these studies, little attention had been paid to the XANES part of the absorption spectra. Few data are available in literature about XANES spectra of Pt-based anticancer drugs. All of them deal with the in vitro and in vivo reduction of Pt(IV) precursors of Pt(II) potential drugs [7][8]. Thus, the Pt-L III edge white line intensity was used to quantify the Pt(IV)/Pt(II) ratios in biological samples. However, to our knowledge, no study has been performed on Pt-L III edges of the degradation products of Pt(II) anticancer drugs.

We present a quantitative study of the experimental XANES features evolutions, for a large number of model compounds and carboplatin and oxaliplatin degradation products, with various N/(Cl-S) contents and Cl/S ligands, based on the joined analysis of both EXAFS and XANES part of the absorption spectra. We show how the white line intensity can be used to monitor the average N/S content in the Pt(II) first coordination sphere. Furthermore, postedge features in the first 20eV after the white line are sensitive to the ligand chemical natures, and could be used as ligand signatures. These results may define new tools for further determination of Pt average environment in biological samples through μ-XANES studies.

ABSTRACT

The growing interest in studying of the narrow semiconductors based on the bismuth tellurohalides BiTeX (X=I, Br, Cl) with a noncentrosymmetric unit cell is related to a giant Rashba-type spin splitting of the bulk and surface states, which makes these materials attractive for spintronics applications. Recently, an ARPES and spin-resolved ARPES study by several groups proved that the BiTeX semiconductors show a very large spin-splitting of two-dimensional state at the surface, in agreement with by ab initio calculations, arising from the broken inversion symmetry in the crystal bulk and a strong spin-orbit interaction [1,2]. The bismuth tellurohalides BiTeX (X=Cl,Br,I) are layered materials and have a hexagonal crystal structure of alternating layers of bismuth, tellurium and chlorine (iodine) atoms with the weakest bonding between the Te and Cl(I) layers providing a natural cleaving plane. In ideal case, the surface layer should be either purely iodine-or tellurium-terminated depending on the stacking order of the underlying layers.

Photoemission and AFM in Kelvin mode shown that on various BiTeI samples and for both crystal mounting orientations the surface states of both terminations were presented. This leads to the conclusion, that both terminations are present on the surface with domain sizes smaller than the synchrotron light spot. In contrast to BiTeI, the BiTeCl samples are single crystalline on a macroscopic scale (mm) with well-defined surface terminations. An aging effect was observed on the BiTeI surfaces in terms of band bending downward shift on Iterminated part of the surface caused by preferential adsorption on I-termination. The measured in-plane Seebeck coefficient of BiTeCl samples demonstrated a rather high value, reaching approximately -280 μV/K at room temperature, suggesting an n-type conductivity. The influence of the ferromagnetic dopants on the electronic structure of Rashba-type surface and bulk states are discussed.
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 1 Fig. 1. Reversible mechanism of flocculation/redispersion of PAA coated NPs
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 2 Fig. 2 Spectra of PAA2k coated 6nm maghemite NPs for different pH a) in water, b) in EAN.
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 1 Figure 1: 3D Nanotunnel View. The nanotunnel opening induced by the interaction of hydrogen-atoms with the 3C-SiC(100)-3x2 surface is represented for the metallic structure. Note that, in the nanotunnel, the dangling bonds not terminated by a hydrogen atom are not shown.
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 . Figure. Left panel: Magnetic instability of ferrofluids; Right panel: CoFe 2 O 4 nanospinels present in ferrofluids (scale bar 10nm).
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 1 Figure 1 -Schematic comparison of (a) averaged and (b) detailed structures of PBAs. Colours: M (orange), M' (green), C (gray), N (blue), O (red), H (white), alkali (purple).
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 1 Figure 1. Skin slice after a 24-h exposure to a 2 10 -2 M solution of 1 in water. Left: mapping of the integral of the absorbance of the A 1band (2040-2000 cm -1
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  Figure: (left) Sr 2p, Ba 3d and Ru 3p/Ti 2p core level spectra for opposite polarization states. (right) HRTEM cross-section of the complete capacitor structure with a 5 nm SrRuO 3 top electrode.
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 1 Figure 1 : Evolution of the graphene lattice parameter aGr as a function of the temperature T (blue and red circles). The dashed green curves are the evolution of the bulk Ir lattice parameter with temperature reported as a guide for the eyes to match the evolution of the graphene lattice parameter. The arrows mark the thermal history of the sample.
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 12 Fig. 1 : Hysteresis curves for magnetic field applied parallel (green) and perpendicular (red) to the film plane
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 1 Figure 1: Ti 1s spectra measured at 8 keV. The inset shows high resolution spectra of Ti1s with their attributions.
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 1 Figure 1 : Typical Si NWs growth on the BM32/INS Figure 2 : Reciprocal Space Map around a Ge chamber using disilane and Au catalysts.Bragg peak after Si overgrowth reveals sidewall faceting of both the Ge core and the Si shell.
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 1 Figure 1. a) reciprocal space map (RSM) recorded from non-deformed pillar at Si(220) reflection; b) loading curve of indentation process; c) RSM at Si(220) of deformed pillar
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Substituted 13 C Dimethyl Ether

  Understanding large amplitude internal motions is a prerequisite for sophisticated quantum chemical models and highly accurate laboratory data. Both species Dimethyl ether (DME) and Oxadisulfane are excellent test cases to study internal molecular rotations. Besides both species are also of astrophysical relevance. DME has been found in space in 1974 by Snyder et al and plays an important role in astrochemical processes. The presence of HSOH is postulated in sulfur containing environments of planetary atmospheres and molecular clouds in the ISM.
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	ABSTRACT

Both molecules are accidental prolate tops showing very dense spectra in the millimeter and sub millimeter frequency range. DME possesses two internal rotors (CH 3 ) that can perform large amplitude motions. Oxadisulfane possesses two moieties (OH) and (SH) that can rotate around the (SO) bond.
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Absorption Spectroscopy Investigation of Ion Irradiated Pyrochlore Y 2 Ti 2 O 7
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	ABSTRACT
	Oxide dispersion-strengthened (ODS) steel are candidate for the reactor of forth generation.

PSICHE: A New Beamline Dedicated to X-ray Diffraction and Tomography at High Pressure at Synchrotron SOLEIL

  Structure and Imaging by Contrast at High Energy") is a new facility opened for high pressure experiments at synchrotron SOLEIL (St-Aubin, France). With its source, optics, detectors and 3 experimental stations, it can handle a large variety of experimental setups. High energy photons are produced with an in-vacuum wiggler. The white beam obtained, with photons energy ranging continuously from 15 to 80 keV (from a 2.75 GeV machine), is used on the first experimental station for energy dispersive X-ray diffraction (EDX) measurements using different pressure cells. The main setup is a 1200 tons load capacity multi-anvil press featuring a (100) DIA compression module with a 15° horizontal aperture, allowing measurements up to 30° in 2theta by rotating the press. Other setups are a Paris-Edinburgh (PE) large volume press and diamond anvil cells (DACs). On the detection side we have a rotating Ge detector, based on the CAESAR design described byWang et al. (

	N. Guignot, J.-P. Itié, A. King, P. Zerbino, A. Delmotte, T. Moreno
	Synchrotron SOLEIL, L'Orme des Merisiers, Saint Aubin
	ABSTRACT
	The PSICHE beamline (for "Pressure,

  Philippe et al., 2013) to take full advantage of this beam mode, but it can be opened to other techniques. The PSICHE beamline is opened for users since July 2013. Some stations are not available yet, and will be opened through 2014 and 2015.
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Structural and Magnetic Properties of YFe 2 (H,D) 4.2 and Y 0.5 Tb 0.5 Fe 2 D 4.2 under High Pressure
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We prepared high quality graphene on Ir(111) by chemical vapor deposition [4]. The structural properties of the system were investigated in situ, in the ultra-high vacuum chamber where the samples were prepared, as a function of sample temperature, by surface X-ray diffraction using synchrotron light. At variance with the expectation for free-standing graphene, epitaxial graphene on Ir has a positive thermal expansion coefficient between 10 and 300 K that matches the behavior of iridium (see Figure linked). Despite the very high graphene stiffness, its weak but non-zero interaction with Ir is sufficient to strain it. Moreover, different commensurate states between the graphene and the substrate are observed during and after the growth as a function of temperature.
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This poster will be the opportunity to present the RS2E, the organization of this collaborative work at SOLEIL and the scientific studies carried out for the characterization of materials dedicated to the electrochemical energy storage.
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ABSTRACT

The chemical composition of Titan's atmospheric aerosols is poorly known. In order to access to a better knowledge, laboratory analogues named tholins are synthesized, then analyzed by methods requiring often an extraction process in a career solvent. These methods exclude the analysis of the insoluble tholin fraction and presume a hypothetical chemical equivalency between both soluble and insoluble fractions. In this work, we present a powerful analysis method recently developed on the DESIRS beamline 1 to improve the characterization of the chemical composition of tholins produced by the PAMPRE 2 plasma reactor (LATMOS) by a soft pyrolysis at 280°C. The use of an electron/ion coincidences spectrometer coupled to the tunability of the photon energy allowed to get more information concerning the correct isomer structure of selected observed compounds by comparison with theoretical calculations and OHR 3 mass spectra.

Action Spectroscopy of Biological Ions

A. Giuliani

Synchrotron Soleil L'Orme des Merisiers Saint-Aubin -BP 48 91192 GIF-sur-YVETTE CEDEX ABSTRACT Mass spectrometry in association with the so-called modern ionization techniques offers the unique ability to analyze heavy and fragile ions and assemblies in the gas phase. In specific arrangements, a photon source may be coupled with mass spectrometers to study the consequences of the irradiations of selected ions. Such a spectroscopic technique is usually referred to as action spectroscopy. Action spectroscopy is usually performed using lasers from the infrared to the near UV. The use of synchrotron radiation in that field is new, as the first coupling appeared in the beginning of the year 2000. A portable setup based on a commercial linear ion trap has been coupled to the DESIRS, DISCO, and PLEIADES beamlines at SOLEIL, which deliver photons from the UV to the soft X-rays range. Results on action spectroscopy of peptides ions will be presented along with the applications to analytical chemistry and protein sequencing. 

Spin-forbidden Bands and

Plasmon Dispersion of Titania Polymorphs

F.Sottile 1,2 and L.Hung 1,2 and M.Gatti 1,2,3 J.Ablett 3 and J.-P. Rueff 3 

ABSTRACT

TiO 2 has been shown to be a good photocatalyst in the UV range, and much research today concentrates on the effects of doping and microstructure to increase efficiency. It is nevertheless important to have an accurate characterization of defect-free TiO 2 . By identifying the properties inherent to bulk structure, any trends due to defects can be better understood. Here, we use ab initio techniques to characterize and compare perfect crystals of the three most common polymorphs of TiO 2 : rutile, anatase, and brookite. Kohn-Sham density-functional theory (DFT) is used to describe ground state properties, and timedependent DFT and many-body perturbation theory techniques (GW approximation and Bethe-Salpeter) are used for optical properties. We present calculations that simulate momentum-transfer-resolved loss spectroscopy for the valence states of TiO 2 . The spectra are interpreted in relation to the electronic properties of each polymorph. We also compare the calculations to preliminary Inelastic X-ray Scattering (IXS) experiments carried out at the GALAXIES beamline in SOLEIL and discuss the accuracy of theoretical techniques employed.

Combination of X-ray Absorption Spectroscopy and

X-ray Diffraction under High Pressure using Nano-polycrystalline-diamond Anvils 

ABSTRACT

Thanks to nano-polycrystalline-diamond (NPD) anvils [1] , high pressure X-ray absorption spectroscopy (XAS) at high energy is now accessible (no glitches in the spectra due to the single crystal diffraction of the anvils). Moreover, the high energy makes easier the combination of XAS with X-ray diffraction (XRD). In this presentation we will show three experiments performed respectively on DIFFABS, ODE and SAMBA beamlines of SOLEIL.

The two first experiments were done at the Nb K edge on KNbO 3 and the last one at the Sn and I K edges for SnI 4 1) KNbO 3 : this ferroelectric perovskite exhibits under pressure a phase transition from a tetragonal to a cubic structure. In the cubic phase, previous XAS experiments up to 15 GPa [2] and XRD up to 22 GPa [3] have shown that the Nb atom was still off center. Using the NPD anvils, pressure up to 57 GPa has been obtained. We observe by XRD a succession of structures (tetragonal-cubic-tetragonal). At the highest pressure measured in the cubic phase, we see clearly by XAS that the Nb atom is at the center of the oxygen octahedron. In the tetragonal phase a modification of the XAS is observed. When pressure is released, the initial phase is recovered.

2) SnI 4 : It is a molecular crystal where Sn is at the center of I 4 tetrahedron. Under pressure it becomes metallic and amorphous. This was observed by XRD, resistivity measurements and Mössbauer spectroscopy [4] . A previous XAS experiment was also performed at the Sn and I K edge up to 22 GPa [5] . But no combined XRD -XAS experiments were performed. By combining these two techniques on the same sample in the same pressure conditions, we show that there is an intermediate phase between the crystalline cubic ordered phase and the amorphous one. Our results are in good agreement with the model proposed by Pasternak et al [4] , with the creation of chains of linked SnI 4 tetrahedra.

Structural Study of TrmK a tRNA Methyltransferase

C. Dégut 1 , J. Caillet 3 , F. Brachet 1 , M. Roovers 2 , L. Droogmans 4 , V. Larue 1 , C. Tisné 1 

ABSTRACT

Nucleotides are often post transcriptionaly modified. These chemical modification takes place on the sugar or on the base. tRNA are the most modified RNA, and for now 92 different chemical modification are described for this RNA family (seehttp://biochem.ncsu.edu/RNAmods).

Among these modifications, methylation are the most frequent. They are performed by methyltransferase, using the universal methyl donor : the s-adenosyl-methione (SAM), that give the methyl to the target chemical group.

TrmK is the enzyme that catalyses the methylation of the adenine in position 22 from tRNAser and tRNAtyr. This protein is member of the COG2384 (Clusters of orthologous groups). Proteins of this COG are well conserved in many procaryote and did not exist in eucaryote, and they are founded in many pathogenic bacteria.

We solved the cristalographic structure of this protein. The protein can be divided in two structural subdomain, the N-ter one is a Rossman fold domain typical in protein that use nucleotide derivative as co-factors, the C-term one is a coiled-coil domain that could be responsible for the fixation and recognition of the targeted tRNA. Both domain form a large concave surface mainly positively charged that can grab the tRNA and bring the adenine 22 to the catalytic pocket.

The Periplasmic Binding Protein AccA from

Agrobacterium tumefaciens

A. El Sahili 1 , D. Faure 2 , S. Morera 1 1-LEBS UPR 3082, CNRS, Avenue de la Terrasse, Gif Sur Yvette, 91198 2-ISV UPR 2355, CNRS, Avenue de la Terrasse, Gif Sur Yvette, 91198

ABSTRACT

Agrobacterium tumefaciens is a soil bacterium that is pathogenic for several plants causing the crown gall disease, which is characterized by tumour formation at the infection site. The infection mechanism is well known and composed of 4 steps:

1-The wound on the plant activates A. tumefaciens' virulence plasmid. 2-T-DNA, a piece of the pTi is transferred to the plant's cell and integrated to its genome. 3-The plant secretes hormones, triggering the tumour formation, tumours which are colonized by A. tumefaciens. The plant also secretes opines including agrocinopine used as energy source by the bacterium. 4-Agrocinopine also activates the quorum sensing mechanisms in A. tumefaciens leading to the propagation of the pTi to non-virulent bacteria 1 .

Agrocinopine is imported in the bacteria by the Acc system 2 . Acc is composed of an ABC transporter and a periplasmic binding protein namely AccA which recognizes agrocinopine. Genetic studies 3 have shown that AccA is also responsible for the import of Agrocine 84, a lethal toxin, produced by the bacteria A. radiobacter K84.

The subject of my thesis is to understand the interaction specificity of the PBP AccA with agrocinopine and agrocine 84, combining structural and biochemical studies. We determined the first 3D structure of a PBP in complex with its opine ligand and in complex with the toxin Agrocine 84 allowing us to identify the interactions with each ligand. Using microcalorimetry and structural analysis, we characterized the Acca specificity towards ligands leading to their cytoplasm import by the specific Acc ABC transporter.

Structural Study of a Human Telomeric Complex

G. Gaullier

CEA Saclay / iBiTecS / SB2SM / Laboratoire de Biologie Structurale et Radiobiologie, CNRS UMR 8221, Université Paris Sud, Gif-sur-Yvette, France

ABSTRACT

Telomeres are nucleoproteic complexes that cap the ends of eukaryotic linear chromosomes. They are essential to maintain genome integrity and their dysfunctions are associated with cancer and ageing pathologies. Telomeric proteins repress DNA doublestrand breaks repair machinery, thus preventing telomere fusions, and also control telomere replication and length through regulation of the telomerase enzyme.

In human, telomeric DNA is bound by a complex called shelterin that comprises six proteins: TRF1 and TRF2 (telomeric repeat binding factor 1 and 2), Rap1, TIN2, TPP1 and POT1. We focus on TRF2 and Rap1 because they are the main factors involved in telomere protection.

TRF2 is able to modify DNA topology, promoting strand-invasion of the double-stranded region of telomeric DNA by the single-stranded 3'-overhang and thus allowing formation of a lasso-like structure called t-loop. This loop hides DNA terminus and could explain telomere protection at the molecular level.

Rap1 is widely conserved in eukaryotes and is constitutively associated to TRF2 in vertebrates, in which it modulates TRF2 topology activity.

To understand telomere protection mechanisms at a molecular level, knowledge of the structural basis of TRF2 and Rap1 functions is of top importance. But the only structural data available to date are the 3D structures of isolated domains of both proteins, which are not sufficient to describe the architecture of the full-length complex and to understand how it performs its functions.

Our working hypothesis is that the flexibility of these proteins confers to their assembly a plasticity that is essential to perform its functions. So our goal is to fill the lack of structural data on the full-length complex and describe its architecture. To do so, we are conducting an integrative structural biology approach, combining x-ray crystallography to study extended isolated domains or complexes between isolated domains, SAXS to study full-length proteins and the full-length protein complex, and electron microscopy to study the full-length complex with DNA.

Evaluating the Trapping Properties of Intestinal

Bacteria and Mucus Towards the TiO 2 Food Additive J. Radziwill-Bienkowska 1,2,3 , S. Bettini 4 , B. Cinquin 5 , F. Jamme 5 , V. Robert 2,3 , E. Gaultier 4 , C. Cartier 4 , C. Cherbuy 2,3 , F. Rul 2,3 , M. Réfrégiers 5 , E. Houdeau 4 , M. Thomas 2,3 , M. Mercier-Bonin 2,3

1 Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Warsaw, Poland. 2 INRA, UMR 1319 MICALIS, AgroParisTech, Domaine de Vilvert, Jouy-en-Josas, 78350, France. 3 AgroParisTech, UMR 1319 MICALIS, Jouy-en-Josas, F-78350, France. 4 INRA, UMR1331 Toxalim, INRA/INPT/UPS, Toulouse, France. 5 Synchrotron SOLEIL, Gif-sur-Yvette, France.

ABSTRACT

In the gastrointestinal tract, the microbiota and the mucus layer represent the first two front line defenders that act in concert against potentially harmful food components and additives [1]. TiO 2 has a long-standing use as a food additive and is also increasingly considered as an alternative for food packaging applications [2]. However, possible hazards of TiO 2 elements for humans, especially in their nanoparticle form, are under debate, surely depending on their localization and their "bio-reactivity" within the gut. To date, only few information is available on the trapping potential of the intestinal bacteria towards TiO 2 , depending on their physiological, physico-chemical and structural properties, notably in terms of cell wall architecture (Gram + /Gram -). Likewise, the capture ability of the mucus barrier is ignored.

In this framework, our objective was to achieve a complete picture of the TiO 2 distribution inside the bacterial cells and the mucus network. To this end, the imaging branch of the DISCO beamline was used. Two types of TiO 2 particles were investigated: Aeroxide P25 (provided by ANSES and the OECD sponsorship program as a reference sample of TiO 2 ) and E171 (commercial food additive). Different metrological forms, including micron-sized, submicron-sized and nano-sized TiO 2 , were characterized by combining Transmission Electron Microscopy and Dynamic Light Scattering. The intracellular localization and distribution of TiO 2 were mapped for commensal bacteria representative of the dominant intestinal phyla (Bacteroidetes and Firmicutes). Alimentary bacteria, especially lactic acid bacteria, were also considered, due to their putative beneficial effects on human health. In parallel, the trapping properties of mucus towards TiO 2 were assessed by using the HT29-MTX muco-secreting intestinal cell line [3].

In conclusion, this study will clearly give new insights for defining the benefit/risk balance of food products that are enriched in TiO 2 . 

DUV Microscopy used to Localize Novel Nanosensitizers Developed for the Hadrontherapy

ABSTRACT

The group of S. Lacombe develops nanoparticles (NPs) in the perspective of improving the effects of hadrontherapy (irradiation of tumours by fast ions), a technique superior to the conventional radiotherapies (X-rays and γ-rays). Our work aims at developing new high-Z atom based nano-drugs and studying their amplification effect when medical ion beams are used. A multi-scale approach, from the biomolecules to the cellular scale, was used to prove that platinum [1, 2] , gold and lanthanide based nanoparticles are efficient radio-nanosensitizers. These experiments opened the perspectives of theragnostic, which strongly improve the performances of hadrontherapy. We explained the effects of NPs as due to early stage mechanisms of electronic activation and emission, which take place at molecular level and produce a nanoscale dose amplification. In order to better understand the role of these molecular scale processes in living cells, it is necessary to characterize the uptake and localization of the nanoparticles in the cells (human tumour cells).

In this perspective, we use complementary techniques of microscopy. The added value of DUV microscopy stems from its broad excitation window (down to 200 nm), which allows follow up the localization of NPs FREE of fluorescent label. This is of fundamental interest since fluorescent labelling, which may influence the NPs uptake, is the major limitation of other conventional microscopy techniques.

Structural and Functional Studies of the Heme-hemopexin Acquisition System

Hxu from Haemophilus Influenzae 

ABSTRACT

Haemophilus influenzae is a Gram-negative bacterium whose unique host is human. Being heme auxotroph, it displays at the cell surface several heme acquisition systems among which the Hemopexin utilization system (Hxu). Hemopexin is a 50 kDa serum glycoprotein which binds heme with one of the highest known affinities (Kd<1pM) and is involved in heme recycling. It consists of two similar domains which trap heme with a bishistidyl linking. The Hxu system is made up of three proteins encoded by the same operon: the receptor HxuC, and the two proteins HxuB and A which constitute a two partner secretion system (Tps). Previous studies [1] showed that HxuA makes high affinity stoichiometric complexes with hemopexin or heme-hemopexin and that heme is released from hemopexin after the interaction with HxuA and becomes available for the receptor HxuC. The purpose of my work was to purify, obtain crystals and solve the structure of HxuA. We managed to have crystals at the following conditions: 0.2 M Magnesium chloride, 0.1 M HEPES pH 7.5, 30% PEG 400. Until now several data sets, the best of which at a 1.6 Å resolution, have been collected. Since HxuA hasn't enough percentage of sequence similarity with other proteins of known structure, we couldn't use the molecular replacement method; for this reason we tried to prepare some heavy-atom derivatives. We were able to detect signals from europium atoms after soaking our crystals in a solution with Eu-DPA (NatX-ray). We obtained phases with the SIRAS method and we are now completing the refinement steps.

Controlling Nanoparticles Dispersion in Ionic

Liquids by Tuning the pH C. Guibert a , F. Cousin b , F. Meneau c , V. Dupuis a , J. Fresnais a , V. Peyre a 

ABSTRACT

Ionic liquids (ILs) are nowadays of uttermost interest to develop new materials. Among them, dispersions of nanoparticles (NPs) in ILs are promising combinations, e.g. for catalyst and batteries, but remain a challenging task since the electrostatic stabilisation often occurring in molecular liquids is likely to differ in Ils. Hence, keeping NPs dispersed in an IL arises ticklish problems of colloidal stability.

On the one hand, we used ethylammonium nitrate (EAN), a well characterised IL that shares many similarities with water; in particular, it is a protic IL.

On the other hand, magnetic NPs give way to numerous promising applications such as magnetic hyperthermia or catalysis. Synergetic behaviours could occur by combining those two components. In our work, we demonstrated that poly(acrylic acid) (PAA) coated maghemite (γ-Fe 2 O 3 ) NPs give stable dispersions in salted aqueous solutions as well as in EAN. In water, this coating displays an interesting response with the pH leading to reversible flocculation/redispersion of the coated NPs [1]. It is due to the protonation/deprotonation of the acidic groups of the polymer (figure 1) and it has been fully characterised with the help of SAXS experiments on SWING beamline at the SOLEIL synchrotron. 

Structural Study of Proteins C3 and C3b by Time

Resolved Hydroxyl Radical Footprinting 

ABSTRACT

The complement system is the major component of innate immunity. The central complement protein, C3, and its activated opsonin fragment, C3b, play a major role in all three pathways of complement activation, and are crucial for an efficient immune response. Inappropriate activation and regulation of complement may lead to several autoimmune diseases; thus knowing the structure of C3/C3b will allow us to understand complement activity.

Hydroxyl radical protein footprinting followed by high-resolution mass spectrometry is an emerging method for identifying the dynamics of ligand dependent conformational changes, mapping interfaces and evaluating protein structure. Hydroxyl radicals (OH°), generated from Fenton's reagent, radiolysis or photolysis of water, provide high resolution structural information as they have solvent properties similar to water. We have evaluated two light sources to obtain OH° by radiolysis: linear accelerator ALIENOR (CEA Saclay) delivering high-energy X-rays, and synchrotron beamline Metrology (Synchrotron SOLEIL, Gif sur Yvette). Hydroxyl radicals react with solvent-accessible side chains of proteins, leading to mass shifts useful to study the accessibility of that site. Identification of modified peptides and evaluation of mass increases in the millisecond timescale by liquid chromatography coupled with mass spectrometry allow tracking of the regions implicated in conformational changes during protein complex formation.

Hydroxyl radical footprinting is an alternative to conventional bio-structural methods such as X-ray crystallography, hydrogen-deuterium exchange or electron microscopy, which do not allow the study of dynamic conformational changes. Furthermore, it is a robust and powerful technique for identification of protein interfaces and rearrangements, regardless of protein size.

High Resolution FTIR Spectroscopy of Glycolaldehyde: Towards its Remote Sensing

Detection in Biomass Fires are not yet possible, as its spectroscopy is not precisely known. Indeed, the IR absorption spectrum of gas phase cis-glycolaldehyde has only been recorded at low resolution [START_REF] Michelsen | Spectroscopic Studies of Glycolaldehyde[END_REF]. This spectroscopic characterization of the species was confirmed by subsequent photolysis experiments [START_REF] Niki | An FTIR study of mechanisms for the HO radical initiated oxidation of C 2 H 4 in the presence of NO: detection of glycolaldehyde[END_REF].

The main purpose of the present work is to build a database of cis-glycolaldehyde line positions and intensities in the IR range, between 700 and 1300 cm -1 . Such a database will ensure that precise quantification of cis-glycolaldehyde can be made when retrieved from atmospheric spectra. It will also make it possible to distinguish the signature of cisglycolaldehyde from those of other C The spectra have been recorded in a multipass cell coupled to the high resolution FTIR spectrometer of the AILES beamline, using the synchrotron radiation. Two strong fundamental bands have been considered: the O=C-C bend and the C-C stretch observed near 751.5 and 860.5 cm -1 , respectively. Preliminary results of the analysis will be presented. 

ABSTRACT

Mesoporous silica materials, with a porosity controlled by use of a surfactant, are systems extensively studied those past 15 years. They are obtained in solution by self-assembly process between surfactant micelles and silica oligomers. In our group, we study the cooperative mechanisms allowing to a hybrid organic/inorganic mesophase to form.

Among those materials, one of the most commonly studied is the SBA-15 (surfactant: P123, and silica precursor: TEOS). Thanks to Small Angle X-Ray Scattering performed at Soleil synchrotron (SWING beamline), we were able to fully characterize the different stages of SBA-15 material synthesis [1]. Especially -by a complete modelling of the SAXS spectrawe highlighted the presence, prior to the material precipitation, of hybrid cylindrical micelles, containing silica oligomers within their corona.

Also by in situ SAXS, we studied to syntheses of two other hybrid materials with two different fluorinated surfactants (R F 7 (EO) 8 et R F 8 (EO) 9 ) [2]. We were able to link the qualities of the obtained hybrid material with the shape of the micelles in solution. What is more, by mixing R F 8 (EO) 9 and P123, we are able to form materials with a well-defined bimodality.

Moreover, meso-structured material presents itself as a powder of micrometric grains. The shape of the grains can be easily tuned by simply changing the synthesis temperature [3]. By mean of USAXS measurements, we were able to study the formation of the grains. 

ABSTRACT

The exceptional properties of graphene can be modified and hopefully tailored by strains [1]. The origins of strain in epitaxial graphene are diverse : tendency to commensurability with the substrate, defects, and mismatch of thermal expansion coefficients. Isolated graphene was predicted to have a negative thermal expansion coefficient below room temperature [2]. This could account for recent observations made on exfoliated graphene on SiO2 [3]. Whether this effect should be expected also in epitaxial graphene remains unknown.

Sulfur Adsorption on Pd(111) and Thiol

Self Assembled Layer Formation J. Jia 1,2 , A. Bendounan 3 , L. Pasquali 4,5 , K. Chaouchi 3 , F. Sirotti 3 and V.A. Esaulov* 1,2 

ABSTRACT

The absorption of S on Pd(111) was studied using high resolution X-ray photoemission spectroscopy at TEMPO beam line in Soleil. The sample was prepared by immersing a pristine Pd(111) crystal into an aqueous solution of Na¬2S. The photoemissions results show that the immersion leads to S adsorption and appearance of a multi-structured S(2p) related peak centered at about 163 eV. Formation of Pd-S bonds induces large biding-energy shifts to higher binding energy in the core levels of Pd(3d). After annealing to a temperature of about 450 degree, the S(2p) peak changes dramatically in form and is mainly composed of only one component with a very small structure at lower binding energy. The Pd_3d peak changes into a main peak and lower lying shoulder. The main peak lies close to the binding energy before annealing. The other one at a lower binding energy must be due to Pd bulk atoms. A LEED study shows the appearance of a clear pattern attributable to formation of a (√7 x √7) R19.1° surface layer. This is a mixed top-surface which consists of both S and Pd atoms. Some measurements of absorption of C12 alkanethiol molecules on mixed S and Pd reconstructed surface was also performed in order to compare with thiol molecules on Pd(111) surface.

Resonant Soft X-ray Scattering on Artificial Spin Ice

J. Perron 1, 2, 3 , L. Anghinolfi 2, 3 , B. Tudu 1 , N. Jaouen 4 , J.M. Tonnerre 5, 6 , F. Nolting 3 , J. Lüning 1 , L.J. Heyderman 

ABSTRACT

Artificial spin ice systems are arrays of dipolar coupled nanomagnets arranged on the sites of kagome or square lattices [1,2]. At the vertices where the nanomagnets meet, geometrical frustration prevents all dipolar interactions being satisfied simultaneously. These systems are usually studied with real space microscopy techniques such as Lorentz microscopy or photoelectron emission microscopy [3,4]. Scattering techniques can provide complementary information on magnetic correlations over larger areas and potentially shorter timescales.

In the present work carried out at the SEXTANTS beamline of Synchrotron SOLEIL, the use of a CCD detector allowed us to measure an extended portion of the reciprocal space at once. By applying a magnetic field and flipping the circular helicity of the x-ray beam, variations in the intensity of the Bragg peaks were obtained via the x-ray magnetic circular dichroism effect. Our analysis of these data demonstrates that information about the organisation of the magnetic moments in artificial spin ice arrays can be deduced from reciprocal space measurements.

We observe pure magnetic Bragg peaks in artificial square ice, which is related to the establishment of a long range antiferromagnetic ground state ordering in the as-grown state [5]. Applying a magnetic field annihilates this ordering and evolution of the scattering pattern is compared with numerical simulations based on the kinematical approach. On calculating the full x-ray scattering pattern, we have been able to reproduce correctly the main features as well as to estimate the number of reversed nanomagnets in the artificial spin ice array [6].

The presented work is the first step of an on-going project, which aims at studying magnetic correlations and their dynamics in artificial spin ice.

The HAXPES Study of Full High-k/Metal Gate Stacks

Deposited on Ge 

ABSTRACT

The introduction of Ge in CMOS devices beyond the 14 nm technology node, requires effective passivation of the Ge gate stack. Besides the interface passivation, a highly scaled gate stack is needed for the next generation of CMOS devices. Scaling of the gate stack can be achieved by several means, for instance by changing process conditions. In this work, we investigate the influence of both the high-k stack and the metal gate on the properties of the GeO x S y interfacial passivation layer by Hard X-ray Photoelectron Spectroscopy (HAXPES). The thickness of the interfacial oxide layer depends on various parameter such as temperature treatments or the chemistry of the metal gate deposited on top of the high-K layer. Controlling the interfacial layer is critical to achieve high electrical performances. In many cases a scavenging effect of this layer can be observed during several of these processes that results in reduction of the interfacial film thickness. A correct analysis of this interfacial layer is thus of prime importance and photoemission is an interesting tool for this purpose. This is, however, metrological very challenging as the thickness of a typical gate stack exceeds the information depth of regular XPS analysis. Using high energy x-rays should allow to circumvent the problem by increasing the photoelectron mean free path in the materials In this work, we investigated the possibilities of the buried interface between the high-k layer and the Ge substrate using HAXPES. For the purpose of this study we considered three high-k stacks (Al 2 O 3 , HfO 2 and an Al 2 O 3 /HfO 2 bi-layer) and two metal gates (TiN and TiW). Samples have been measured both after atomic layer deposition and after forming gas anneal, to investigate the effect of a thermal treatment on the interfacial properties. The measurements were carried out using high energy x-rays (6 keV) in GALAXIES beamline at SOLEIL Synchrotron. To disentangle the impact of the particular metal gate, comparison is made to a high-k stack sample without metal gate. To validate the results, HAXPES results were compared with partial sputtering results in a conventional XPS system. 

Plasticity of Gold Microcrystals

ABSTRACT

The peculiar mechanical behaviour of small crystals (below the micron), in contrast to their bulk counterpart, has been the focused of intensive research recently. The proposed models, based on so-called 'dislocation starvation', still need to be challenged experimentally.

Coherent X-ray Diffraction (CXD) is an attractive non-destructive technique to address this question because of its sensitivity to crystal defects [1]. By using a microfocused beam, one has the opportunity to observe the defects in a single crystal of sub-micron size.

Here we report of a study of gold sub-micron crystals prepared in various defect states. The crystals were obtained by solid-state dewetting on a sapphire substrate and mechanically loaded in our laboratory by applying a controlled force with a diamond pyramidal tip. Several similar crystals were loaded with various chosen forces in order to obtain various states of plasticity. They were individually measured with a coherent microfocused beam at beamline Cristal of synchrotron Soleil. The fine structure of their 222 Bragg reflection was measured in 3 dimensions.

Unloaded crystals show a 'clean' diffraction pattern which can be modelled by considering the substrate-induced strain in a Finite-Element Model [2]. Loaded samples show a more complex diffraction pattern, due to the multiple crystal faults. A plasticity model can be included in the FEM to understand the main diffraction features [3], while statistical analysis of the speckle pattern could lead to a statistical interpretation of the number of defects. Attempts of phase-retrieval, to retrieve a real space image of the defects, are under way [4].

Such experiment is a first necessary step toward CXD measurements with in situ loading at Soleil, such as already implemented in other facilities [5]. With this respect, our beamtime was the opportunity to implement fast mapping of the sample in Bragg geometry and to characterise the recent microfocusing optics of the beamline.

Structure of the Cd-Tb Approximant

to the Quasicrystal D. Liu (1) , T. Yamada (2) , C. Gomez (3) , H. Takakura (4) , R. Tamura (5) , G. Beutier (1) , M. de Boissieu (1) 1-SIMAP, Université de Genoble, CNRS, BP 75 38402 St Martin d'Hères Cedex 2-IMRAM, Tohoku University, Sendai Japan 3 Uppsala University, Sweden 4. Hokkaido University, Sapporo, Japan 5. Tokyo University of science, Tokyo, Japan

ABSTRACT

The Cd 6 Tb periodic approximant belongs to one of a large family of isostructural Cd6M (M=Ca, Sr, Y, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu) compounds with cubic symmetry (edge length 1.5 nm), which are periodic approximant to the quasicrystal. Its structure can be described as a bcc cubic packing of the so-called Tsai-type icosahedral cluster, which has been shown to be the building blocks of the stable binary quasicrystals Cd 5.7 Yb (1,2). Similarly to the Zn6Sc this phase undergoes a structural phase transition towards a monoclinic phase below 190K (3)(4).

We will present a detailed structural analysis carried out on the cristal diffractometer. Full data collection has been carried out above and below the phase transition. Diffuse scattering above Tc, together with the structure of the low temperature have been analyzed. The low T phase is similar to the one of the Zn6Sc approximant, with an ordered tetrahedron, which strongly distorts the surrounding icosahedral shells (5)(6).

Probing the Quantum Thermal Fluctuations of Nuclei at the Si K Edge R. Nemausat, 1 D. Cabaret, 1 Ch. Gervais, 2 A. Bordage, 3 Ch. Brouder, 1 N. Trcera 4 

ABSTRACT

X-ray Absorption Near Edge Spectroscopy (XANES) is a powerful tool to probe the electronic environment of nuclei because the edge structure provides lots of physical information. In many minerals and oxides a pre-edge structure exists at the K-edge of low Z cations in XANES and its origin is still misunderstood. We think that pre-edge features must be described precisely so it can supply other information about materials studied.

In the case of Al K edge [1] it was shown that electronic transitions occurring in the preedge involve the 3s empty states of the Al absorbing atom. These 1s 3s transitions are supposed to be forbidden in the electric dipole approximation. XANES calculations performed at the equilibrium atom positions do not correctly reproduce the pre-edge structure and it has been shown that the intensity of the pre-edge depends on the temperature [1], and on the site geometry [2]. These are clues about the influence of atoms motion and/or vibrations on the pre-edge structure.

In the present work we study stishovite and α-quartz, two polymorphs of SiO 2 , where the Si atoms are octahedrally and tetrahedrally coordinated to oxygen, respectively. The XANES spectra of these two compounds were measured at the Si K edge for different temperatures (20°C -500°C) with the aim to relate the pre-edge structure to the structural and vibrational properties of the materials. In the same time, Density Functional Theory (DFT) calculations in a pseudo-potential plane-wave framework are performed to reproduce experimental results [3,4]. Calculations were performed using both equilibrium positions and within a pseudodynamic scheme.

We observed that the pre-edge structure is affected by temperature. In the case of stishovite, the pre-edge peak increases with temperature, while the white line decreases. Moreover, both are shifted towards lower energies. In the case of α-quartz, the pre-edge peak slightly emerges, while the white line decreases but the energy shifts are not obvious. These different behaviours seem to be induced to the different symmetries in the neighbouring environment of the absorbing atom.

This work provides both experimental and theoretical evidence of the impact of vibrations on the Si K pre-edge structures for SiO 2 polymorphs.

Complementarity of Inelastic Background and High

Resolution Core-level Analysis in HAXPES P. Risterucci 

ABSTRACT

Non destructive analysis of interfaces is of prime importance to study elemental intermixing in nanoelectronic devices at depths usually around 30nm. We have recently extended the probing depth of HArd X-ray Photoelectron Spectroscopy (HAXPES) above 50 nm [ 1 ] with the use of inelastic background analysis. Here we present the complementarity of this approach with the usual core-level analysis. Samples processed for this study are based on an Al 0.25 Ga 0.75 N/GaN (24/1000 nm) epitaxial stack and a Ti/Al (15/10 nm) metal layers. Then, samples were annealed in a Rapid Thermal Annealing (RTA) system under N 2 atmosphere. The annealings were respectively: no annealing, 600°C for 300s, 600°C for 300s then 800°C for 60s and 600°C for 300s then 900°C for 60s.

We show results of two different photoemission experiments both carried out at GALAXIES beamline [ 2 ] with photon energy of 8 keV. The first experiment is to measure high resolution spectra of Al 1s and Ti 1s (inset of Fig. 1), performed with an overall resolution of 0.35 eV. In this experiment, the chemical environment of the element in the first few nanometers (estimated to be 15.9 nm) is unraveled. We find three major components corresponding to a metallic state (labeled A), oxide state (labeled B) and two alloy states (labeled C and D) with changing relative intensity depending on the annealing process. However this classic method is unreliable for determining depth profile of inhomogeneous samples; therefore a second experiment, performed with an optimized photon flux is used for inelastic background analysis based on Tougaard's method [ 3 ]. This method allows to obtain elemental depth distribution over a larger probing depth (estimated to be 42 nm). The results show that Ti is located from 17 to 31 nm below the surface for the as deposited sample and diffusion is quantitatively determined for each annealing process; toward the surface and up to 40 nm toward the substrate. We show the complementarity of core level and inelastic background analysis, unraveling the chemical state and the depth distribution of a specific element giving an overall description of the technological sample up to 40 nm below the surface.

PyRod: Visualization, Analysis and Simulation of Surface Diffraction Data acquired with 2D Detectors

T. Zhou 

ABSTRACT

PyRod is a python based software developed on the BM32 (French CRG) beamline at the ESRF, for the visualization, analysis and simulation of surface diffraction data acquired with 2D detectors. (i) The visualization mode offers an easy access to the comprehensive view of the 3D volume spanned by the 2D detector during a scan, as well as support for quick ROI integration and reciprocal space mapping. (ii) The analysis mode adopts some advanced ways of data integration [1], allowing data acquisition time to be reduced by an estimated factor of 20-50 compared to point detectors. (iii) The simulation mode works in a similar way as ROD [2], but comes with a more user-friendly graphical interface. It also accepts functions for the description of atomic positions in the unit cell, thus allowing reduction of the total number of fitting parameters when necessary. The project is still under development with ongoing efforts to add GISAXS support and live display of data. TZ wants to thank Odile Robach, Gilles Renaud for useful discussion and Nils Blanc, Fabien Jean for beta testing. 
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ABSTRACT

We have recently demonstrated our ability to characterize in laboratory monoterpens in the gas phase using 1/ quantum chemical calculations to predict the most stable conformers, 2/ Fourier transform microwave spectroscopy to experimentally identify the most stable conformers, and 3/ FTIR spectroscopy to observe and to identity their fingerprint FIR signature in a long optical path multi-pass cell at ambient temperature, and to determine the associated cross-sections [1][2][3].

Using the Jet-AILES setup and a long path cell, we have observed the FIR and IR spectrum of a selected series of monoterpenes: R-(+)-Limonene, α-Pinene, β-Pinene and γ-Terpinene and of a few oxidation products. Monoterpens are hydrocarbons composed of one non-aromatic cycle of 6 carbon atoms bearing CH 2 and CH 3 groups. They are an important class of atmospheric molecules, almost never studied in the gas phase by spectroscopic techniques, mainly because their spectrum is difficult to obtain (semi volatile compounds) and of high complexity to model (several conformers/rotamers and large amplitude motions).

The lifetime of terpens in the atmosphere is of the order of a few hours. Indeed they react with O 3 , OH, several NO x , etc … to give oxidation and degradation products which are forming secondary organic aerosols (SOA). In particular, the very complex "isoprene-OH" reaction mechanism was studied in laboratory and gave as major products formaldehyde (H 2 CO), methacrolein (CH 2 =C(CH 3 )CHO), and methyl vinyl ketone (CH 2 =CHC(O)CH 3 ). We have observed and characterized the IR spectrum of methacrolein and methyl vinyl ketone. -des structures type "knife-edge" permettant de caractériser des faisceaux de petite dimension à l'aide de structures de diverses géométries mais présentant toutes un bord propre et franc -des structures "pinholes" composées de trous de 2 à 10 µm définissant une ouverture qui permet la réalisation d'imagerie par diffraction cohérente -des grilles Hartmann consistant en une matrice de trous de forme et de positionnement précis qui permettent une mesure du front d'onde dans le domaine des rayons X durs.

Support from the

Pour ce travail nous avons réalisé l'étape de lithographie sur la ligne LIGA I à ANKA, du KIT à Karlsruhe en Allemagne, qui est équipé d'un miroir sélectionnant le domaine d'énergie 2,2-3,3 keV. Nous avons aussi dû développer une technique spécifique de masque autosupporté.

Mire en or sur substrat de graphite. Epaisseur de l'or: 25µm.

Biophysical Studies of the Interactions of Mannose-based Anti-adhesives with the

Escherichia coli Fimbrial Adhesin FimH 

ABSTRACT

Structure-thermodynamic relationships in protein-carbohydrate interactions provide important decision makers in the design and maturation of bacterial ant-adhesives. Many interactions in our innate defense depend on the specific recognition, of a high enough density of a glycan sequence, to evoke immune reaction. Bacteria hijack glycan receptors that are reminiscent of a physiological state of a mamalian cell that indicates a suitable habitat for the completion of their pathogenic cycle. The interruption of this process is envisioned using anti-adhesives that selectively block bacterial adhesion but do not interfere with the immune system.

The understanding of the biophysical basis of host-pathogen interactions to empower intervention can be studied using purified adhesins and synthetic multivalent inhibitors. We measured affinities and stoichiometries using surface plasmon resonance (SPR), isothermal titration calorimetry (ITC) and dynamic light scattering (DLS). The geometry of a multivalent complex was determined using small angle X-ray scattering (SAXS) and was found to agree with the stoichiometry and molecular size derived from ITC and DLS data respectively (1). Stunningly, a correlation could be found between the dispersion part of interaction energies calculated using quantum chemistry, ITC-derived entropies and crystal structure electron densities of inhibitors bound to FimH (2,3). 

ABSTRACT

Sulfur hexafluoride is an important molecule for modeling thermophysical and polarizability properties. It is also a potent greenhouse gas of anthropogenic origin, whose concentration in the atmosphere, although very low is increasing rapidly; its global warming power is mostly conferred by its strong infrared absorption in the ν 3 S-F stretching region near 948 cm -1 . This heavy species, however, features many hot bands at room temperature (at which only 31% of the molecules lie in the ground vibrational state), especially those originating from the lowest, v 6 = 1 vibrational state. Unfortunately, the ν 6 band itself (near 347 cm -1 ), in the first approximation, is both infrared-and Raman-inactive, and no reliable spectroscopic information could be obtained up to now and this has precluded a correct modeling of the hot bands. It has been suggested theoretically and experimentally that this band might be slightly activated through Coriolis interaction with infrared-active fundamentals and appears in high pressure measurements as a very faint, unresolved band 1,2 . Using a new cryogenic multipass cell with 93 m optical path length and regulated at 163 ± 2 K temperature, coupled to synchrotron radiation and a high resolution interferometer, the spectrum of the ν 6 farinfrared region has been recorded. Low temperature was used to avoid the presence of hot bands. We are thus able to confirm that the small feature in this region, previously viewed at low-resolution 2 , is indeed ν 6 . The fully resolved spectrum has been analyzed 3 , thanks to the XTDS software package 4 . The band appears to be activated by faint Coriolis interactions with the strong ν 3 and ν 4 fundamental bands, resulting in the appearance of a small first-order dipole moment term, inducing unusual selection rules. The band center (ν 6 = 347.736707(35) cm -1 ) and rovibrational parameters are now accurately determined for the v 6 = 1 level. The ν 6 perturbation-induced dipole moment is estimated to be 33 ± 3 μD and the ν 6 integrated intensity to be 0.0035 km mol -1 .

Magnetic Property of Dy 26 Co 74 Alloy Investigated

using XMCD and XMLD.

K. Chen

Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin -BP 48, 91192 GIF-sur-YVETTE CEDEX, France

ABSTRACT

From theory, the rare earth element of Dy has the strong magnetic moment while Co is the typical ferromagnetic 3d element. The alloy of Dy 26 Co 74 is ferri-magnetic with the magnetic moment of Dy and Co antiparallel coupled with each other. In the presentation, I will show recent XMCD and XMLD results for the Dy 26 Co 74 alloy, which fits perfectly with the theory calculation. Besides, the temperature dependent results show the spin reorientation at about 180K. The magnetic property of DyCo is helpful to understand the perpendicular exchange bias in DyCo/FeGd and the dynamics of magnetism in rare earth-3d alloy. 

Synchrotron Radiation based

ABSTRACT

Although many different animal models are used in scientific research to study the process of epileptogenesis only two groups are recommended as the most useful for examination of new antiepileptogenic and disease-modifying therapies. These are kindling and post status epilepticus models of temporal lobe epilepsy (TLE) [1].

The phenomenon of kindling was for the first time described by Goddard et al. in 1969 and it means repeated, usually electrical, stimulation of the brain which initially induces only subclinical afterdischarges but over time, after many repetitions leads to progressive increase in the severity and duration of the seizures [2,3].

Determination of elemental and biochemical anomalies occurring in the hippocampal formation as a result of repetitive electrical stimulation may help to define pathological processes underlying the phenomenon of kindling and leading to spontaneous seizure activity that may also occur in this model of epilepsy.

Two groups of animals were examined in frame of the study. Adult rats subjected to repetitive transauricural electroshocks through a pair of ear-clip electrodes were compared with naive controls.

The topographic and quantitative elemental data obtained using X-ray fluorescence microscopy at the HASYLAB beamline L were compared with the results of biochemical study done using FTIR microspectroscopy at SOLEIL beamline SMIS as well as paramters describing behavior of animals subjected to electroshocks.

Cryo Soft X-ray Tomography Beamline Project : TOMIX

B. Cinquin, F. Polack

Synchrotron SOLEIL, L'Orme des Merisiers, F-91190 Gif-sur-Yvette, France

ABSTRACT

Soft X ray microscopy is a modern technique requiring a bright X ray source perfectly suitable in a synchrotron environment. Tuned in the water window energy, the photons are mostly absorbed by the carbon and the water molecules are transparent. Observations of hydrated specimen under X rays are possible without any chemical constrast . Such microscope enables studies of near native state biological objects with a nanometric resolution (50 nm) due to diffractive optics termed Fresnel Zone Plate.

Our team proposes the design of such a beamline housed in Soleil that will support, further advance, and innovate biological and biomedical research. Other beamlines (MISTRAL-CELLS, HZB-TXM, CRYO-TXM, NCXT) offer a similar technique but do not explore all the possibilities offered by the photons in the water window energy. We will discuss our goals and the ways to reach them. Spearheading cryo tomography of single cells, bacteria, even tissue biopsies with such spatial resolutive power (125 Å 3 ) will give the biological community a powerful tool. that the tumour cells are more sensitive to the lethal effects of the UV, X-ray and γ radiation when their DNA is modified to replace the thymine with such molecules [1]. 5FU is a drug routinely used in combined chemo-and radiotherapy treatments for its radio-sensitising properties [2]. Although these properties are well established, the underlying reaction mechanisms are under debate. Gas-phase studies of the 5XU irradiation by high-order harmonics (HH) in the energy range 9-27 eV indicate that similar fragmentation mechanisms should be at play as for the irradiation by 100 keV proton beams. The similar mass spectra obtained in these experiments can be explained only by considering that the parent ionisation is followed by a complex dynamics involving among other, proton/hydrogen transfer and sequential reactions [3,4]. Confirming some of these mechanisms requires performing complementary time-and energy-resolved measurements.

Photo-induced

For a better understanding of the fragmentation mechanisms at the molecular level, we propose to investigate the ionisation and the fragmentation of 5FU by synchrotron radiation in the region 9-21 eV by employing the photoelectron-photoion coincidence momentum spectroscopy method [5]. In the first instance, we have performed preliminary measurements in order to obtain information about the molecular parent ion states involved in these processes. Measuring at different photon energies the photoemission spectra of the electrons coincident with the parent ion and with different fragment ions enables us to relate the various peaks to the parent cation states that should contribute to the open fragmentation channels. The fragment ion distributions show that all the fragments bear very little kinetic energy, typically less than 0.5 eV. These results are consistent with those obtained in the fragmentation induced by HH at 15 and 21 eV and indicate that most of the energy is transferred to the fragments as internal energy. The lack of kinetic energy for the light fragments might suggest that they result from secondary dissociation processes of highly excited fragment ions. 

Structure of the Icosahedral Zn-Sc Quasicrystal

ABSTRACT

We will present the atomic structure of the binary Zn-Sc quasicrystals [1]. This quasicrystal belongs to the Cd-Yb 'Tsai' type family [2]. However its chemical composition is significantly different (Zn 88 Sc 12 and Cd 85 Yb 15 ) and is mainly deficient in the large Sc atom.

A full data set has been collected on the cristal beam line using 3 different attenuation (1000, 50 and 1) in order to cover the large dynamical range of the diffraction pattern.

The structure has been refined using as starting point the CdYb model [3]. We find that the main differences can be explained (as proposed by A.P. Tsai [4]) by the replacement of a Sc atom by a Zn atom in a single atomic site namely the so-called double Friauf polyhedron.

We also observe that the diffraction pattern is characterized by a large amount of diffuse scattering, which can be interpreted as resulting from phason fluctuations, characteristic of a 3-fold instability.

The Near-ambiant-pressure XPS at SOLEIL, First Results

J.J. Gallet

Laboratoire 

ABSTRACT

Doping pure diamond thin films with boron atoms induces a phase transition towards a metallic state. The boron doping lifts the top of the diamond valence band at the Fermi level, and makes this phase easily measurable by ARPES. The threefold ΓX band structure has been measured and is found to be in good agreement with the rescaled theoretical DFT band structure. The evolution of the band structure around the Γ point is coherent with the calculated band structures predicted by the analytical k.p model. The evolution of the band structure is also analyzed as a function of the boron concentration over a decade in the metallic state: only a very weak dependence on the doping concentration appears experimentally. 

k-dependence of the

ABSTRACT

Mn 5 Ge 3 (001) thin films grown on Ge(111)-c(2x8) reconstructed surfaces were studied by angle-and spin-resolved photoemission using synchrotron radiation in the 17-40 eV photon energy range. We obtained the ground-state band structure of this system from firstprinciples full-potential linearized augmented plane-wave calculations. Since the calculation of the photoemission process is still difficult for Mn 5 Ge 3 , we simulated it using a simple model. In a previous investigation [1] we showed that the angle-resolved photoemission spectra of Mn 5 Ge 3 could be satisfactorily reproduced from ground-state band structure calculations within a model based on the free-electron approximation for the final states and with the inclusion of the photohole lifetime effects (Lorentzian broadening), and correlation and k-perpendicular broadening effects (Gaussian broadening), the transition matrix element effects being ignored.

The comparison of the measured spin polarisation of the valence band with the simulated spin-polarisation is very good for the studied k-points in the ΓMLA plane of the Brillouin zone and achieves a unique validation of the ground state calculations. The contributions of Mn1 and Mn2 d states to the spin polarisation of the photoemission spectra can be clearly identified. We confirm as well the prediction by calculations of a negative spin-polarisation in the vicinity of the Fermi level, at variance with recently published results [2].

Status and development of imaging at PSICHE

A. King, N. Guignot, P. Zerbino, A. Delmotte, J.-P. Itié Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin -BP 48 91192 GIF-sur-YVETTE CEDEX ABSTRACT PSICHE is a multi-technique beam line, combining high pressure diffraction experiments with imaging and tomography. The imaging activity will open to expert users in the second half of 2014. This poster presents the current status of imaging at the beam line, the equipment that will be available, and the technical performance that is anticipated. The beam line and the tomography equipment is optimized for in-situ experiments with high beam energies and high speed data acquisition. Examples of possible applications will be described, and perspectives for future experiments combining imaging and diffraction will be shown.

Advanced Characterization of Materials for the Electrochemical Energy Storage: Collaborative Work between the RS2E and SOLEIL.

C. La Fontaine 1,6 , S. Belin 1 , M. T. Caldes 2,6 ,L. Croguennec 3,6 , C. Masquelier 4,6 , L. Monconduit 5,6 ,L.Stievano 5,6 and G.Ouvrard 

ABSTRACT

The RS2E ("Réseau pour le Stockage Electrochimique de l'Energie") is a French research and technology transfer network, launched in 2010 by the French Ministry of Higher Education and Research, devoted to electrochemical energy storage systems: rechargeable batteries, supercapacitors and other alternative technologies. The main scientific goals of this network are to improve the performance, the reliability and the safety of the existing systems as well as to develop new ones.

To achieve such objective, it is mandatory to have a precise understanding of the structures of the materials and of the mechanisms involved during their electrochemical cycling. There is then a great need for advanced characterization methods, which has led to an intensification of the previous collaborative work between SOLEIL and the research laboratories of the RS2E [1,2]. In this line, a BAG proposal is under progress on SAMBA beamline to perform XAS measurements, together with standard proposals on other beamlines (e.g. CRISTAL, LUCIA).

Molecular Single Photon Double K-shell Ionization and Related Processes

F. Penent 1,2 , M. Nakano 3,4 , M. Tashiro 5 , T. P. Grozdanov 6 , M. Žitnik 7 , S. Carniato 1,2 , P. Selles 1,2 , L. Andric 1,2 , P. Lablanquie 1, 2 , J. Palaudoux 

ABSTRACT

We have studied single photon double K-shell ionization of small molecules: N 2 , CO, C 2 H 2n (n=1-3), H 2 O, C 2 H 6 , C 4 H 5 N (pyrrole), C 5 H 5 N (Pyridine), C 3 H 4 (propyne), CH n Cl 4-n … and the Auger decay of the resulting double core hole (DCH) molecular ions thanks to multielectron coincidence spectroscopy using a magnetic bottle time-of-flight spectrometer to detect two photoelectrons in coincidence with the subsequent Auger electrons. After our first observation [1] of single site (K -2 ) double K-shell ionization in N 2 and oxygen compounds followed by the first evidence [2] of two sites (K -1 K -1 ) in C 2 H 2 , we have observed the same processes in N 2 , CO and C 2 H 2n (n=1-3) series [3]. The relative cross-sections for single-site (K -2 ) and two-site (K -1 K -1 ) double K-shell ionization with respect to single K-shell (K -1 ) ionization have been measured and reveal the mechanisms of single photon double ionization (shake-off and knock-out). The spectroscopy of two-site (K -1 K -1 ) DCH states in the C 2 H 2n (n=1-3) series shows important chemical shifts due to a strong dependence with the C-C bond length. In addition, the complete cascade Auger decay following single site (K -2 ) ionization has been obtained [4]. Below K -2 double ionization threshold simultaneous Kshell ionization/K-shell excitation (K -2 V) has been observed in C 2 H 2n (n=1-3) series that reveal NEXAFS type structures due to dipole excitation/monopole ionization in addition to dipole ionization/monopole excitation [5]. These measurement have been extended recently, at SOLEIL on PLEIADES and SEXTANTS beamlines, to many other molecules to see the effect of the bond length in the chemical shift: C-C bond (C 2 H 6 and C 3 H 4 ), C-N bond (C 4 H 5 N and C 5 H 5 N) and C-Cl bond (CH n Cl 4-n ) for C(1s)Cl(2p). New and important results have been obtained that will be shown during the user's meeting. 

Accurate Theoretical Spectroscopic

ABSTRACT

We report two examples of application of highly correlated methods for accurate description of the electronic structure of small molecular systems: HSNO and HPS/HSP. The lowest electronic states of singlet and triplet spin multiplicities of HSNO are investigated by configuration interaction ab initio methods and a large basis set [1]. One-dimensional cuts of the potential energy hypersurfaces of these electronic states along the R HS , R SN , θ HSN , θ SNO internal coordinates are calculated. Several avoided crossings and conical intersections are found. Radiative lifetimes and spin-orbit couplings of these electronic states are characterized. Our work reveals a complex dynamics on these excited states, and suggests that multi-step mechanisms will populate the ground state via radiationless processes or will lead to predissociation, or intramolecular isomerization. For the HPS/HSP molecules and corresponding cations and anions accurate ab initio computations of structural and spectroscopic parameters have been performed [2]. For the electronic structure computations, standard and explicitly correlated coupled cluster techniques in conjunction with large basis sets have been adopted. In particular, equilibrium geometries, rotational constants, harmonic vibrational frequencies, adiabatic ionization energies, electron affinities and, for the neutral species, singlet-triplet relative energies are presented. In addition, the full-dimensional potential energy surfaces (PESs) for HPS x and HSP x (x=-1,0,1) systems have been generated at the standard coupled cluster level with a basis set of augmented quintuple-zeta quality. By applying perturbation theory to the calculated PESs an extended set of spectroscopic constants, including τ, first-order centrifugal distortion and anharmonic vibrational constants has been obtained. Moreover, the potentials have been used in a variational calculation to deduce the whole pattern of vibrational levels up to 4000 cm -1 above the minima of the corresponding PESs.

These properties may be probed at the AILS or DESIRS beamlines of the SOLEIL synchrotron.

Evolution of Co Nanoparticles Oxidation State under

Water Pressure Followed by NAP-XPS

A.-S. Mamede 1 , G. Olivieri 1 , J.-F. Paul 1 , J.-J. Gallet 2 , A. Naitabdi 2 , F. Bournel 2 , F. Rochet 2 and F. Sirotti 3 

ABSTRACT

Cobalt-based catalysts are classically used in Fischer-Tropsch (FT) synthesis (conversion of CO/H 2 mixture into hydrocarbons). The improvement of the activity and selectivity of these catalysts requires a fine description (at the molecular level) of the active phase structure. However the characterization of the active phase can be made difficult by the low amount of metal impregnated on a high surface area oxide support. To overcome this difficulty, one methodology is to mimic the preparation of conventional catalysts by using model catalysts made of active phase deposited on oriented single crystals.

Near Ambient Pressure-XPS gives the opportunity to follow the evolution of catalyst oxidation states under near in situ conditions 1 . The oxidation of the Co-based catalyst by water produced during the FT reaction has been proposed to favour the particles sintering and the catalyst deactivation. However, this mechanism is still under debate due to the lack of experimental evidence of the Co oxidation by water.

In this study, a model catalyst was first prepared in situ by metallic Co evaporation on thermally oxidized Si(111) in the preparation chamber. Then, the evolution of the Co nanoparticles oxidation state was followed in function of the water pressure (from 10 -2 to 5 mbar) at room temperature in the analysis chamber. Finally, the presence of Co 2+ (as CoO) is detected and its proportion increases with water pressure.

ABSTRACT

The high-resolution absorption spectrum of trifluoromethyliodide (CF 3 I), an alternative gas to chlorofluorocarbon but with potential greenhouse effects, has been recorded in the 200-350 cm-1 region with the Bruker IFS125HR Fourier transform spectrometer at the AILES Beamline at SOLEIL. This enables a detailed analysis of the ν 3 band of CF 3 I. The lowest vibrational modes of the CF 3 I molecule in the far infrared can be recorded at high resolution with Synchrotron sources. Using these spectra, a detailed analysis of the 3 band was undertaken. Due to the spectral congestion and the presence of numerous hot bands involving the 3 and 6 bending fundamentals 1,2 , spectra have been recorded at 0.001 cm -1 resolution at the AILES Beamline facility at SOLEIL either at room temperature using a 150 m optical path length cell or at 163 K using the new LISA-SOLEIL cryogenic cell. 4 An improved parameter set is proposed for the v 3 =1, vibrational state (C-I stretching, at 286 cm - 1 ). Indeed this new calculation accounts for the first time for the Coriolis resonance coupling the v 3 =1 energy levels with those from the dark v 6 =1 state (I-C-F bending, at ~ 261.5 cm -1 ). The outcome of this work can contribute to a better modelling of the infrared signature of this molecule, considered as a replacement for some chlorine-or bromine-containing gases in industrial applications. 

ABSTRACT

We present the details and performances of a new cell, specially designed for accurate spectroscopic measurements in the 80 to 400K temperature range with variable path lengths from 3 to more than 140m, as well as to accommodate the specific requirements of high resolution measurements in the mid-and Far-Infrared on the AILES beamline at SOLEIL. The spectral coverage at these temperatures ranges from the visible to less than 10 cm -1 , thanks to the use of diamond windows. The designs of the cryostatic and vacuum set-ups allow vibration-free operation. The equipment provides for temperature homogeneity and pressure control to better than 2 percent over the 100 to 400K and 0.1 to 1000 mbar ranges. Remote-controlled opto-mechanical systems enable in situ readjustments as well as changes of the optical path length within half an hour, in order to optimize measurement time in an open user facility such as SOLEIL. The design and performance of the equipment is presented and illustrated on spectroscopic examples. This new instrument opens up the way for many experiments in the field of high-resolution gas-phase IR spectroscopy, in particular in quantitative spectroscopy for atmospheric applications: measurements of absorption line parameters (absolute intensities and pressure-induced widths) using Fourier transform spectroscopy.

A New High Spectrocopic Resolution Momentum Microscope

C. Mathieu and N. Barrett DSM/IRAMIS/SPEC, CEA Saclay, 91191 Gif-sur-Yvette, FRANCE

ABSTRACT

The investigation of the electronic properties of materials down to the micron scale is crucial in the view of applications in nanoelectronics. Angle Resolved PhotoEmission Spectroscopy (ARPES) is still the most common technique to probe the band structure of materials. However, spatial resolution is limited by the beam spot, of the order of ~100 µm, much larger than typical device sizes. An alternative method is photoelectron emission microscopy (PEEM) which has made considerable progress in recent years thanks to instrumental innovation [1,2] and the availability of high brightness VUV and X-ray sources. Recent advances in Energy Filtered PEEM allows to correlate the real space chemical and work function mapping with reciprocal space imaging of the complete band structure of micron scales areas [3,4].

Here we present significant instrumental developments of PEEM optics which allows, for both reciprocal and real space imaging, an energy resolution better than 50 meV. We image, for the first time in PEEM, the spin-orbit splitting of the Au(111) surface state in a 20 µm region. These truly microscopic, high resolution band structure results obtained using a focused laboratory He I source are competitive with many current ARPES experiments using synchrotron radiation and constitute an exciting development in the analysis of the band structure on a scale compatible with many electronic applications.

Such an instrument, combined with high intensity synchrotron radiation, should be able to yield the band structure from 1 µm sized regions. 

ABSTRACT

The Hsp90 molecular chaperone is responsible for the conformational activation and assembly of proteins that play essential roles in signaling and cellular regulation.

Most of these client proteins control functions involved in malignant transformation such as cell proliferation, immortalization, angiogenesis and apoptosis. Because inhibition of Hsp90 causes the specific degradation of these oncogenic clients by the proteasome, the chaperone has attracted considerable interest as anticancer target.

Maturation of client proteins is an ATP-dependent phenomenon where the chaperone conformational changes are coupled to the binding and hydrolysis of the nucleotide. This Hsp90 ATPase/chaperone cycle is regulated by a set of cochaperones proteins. We have focused our attention on Sti1, a cochaperone acting in the early steps of the cycle that helps the transfer of client proteins between the two molecular chaperones Hsp70 and Hsp90. We have solved the structure of the cochaperone Sti1 bound to Hsp90. This structure reveals how Sti1 inhibits the Hsp90 ATPase activity and maintains the Hsp90 molecular clamp in an open conformation in favorable for the loading of client proteins.

ARPES Measurements of Hydrogenated Graphene Layers Grown on SiC using CVD

A. 

ABSTRACT

Si sublimation from SiC has been widely studied in the past years because of its ability to grow graphene at the wafer scale with a good uniformity, particularly if using atmospheric pressure annealing. Growing graphene on the Si-face of SiC leads to the formation of a (6√3×6√3)-R30° reconstructed interface (referred to as the buffer layer), and then to the formation of a monocrystalline graphene film, but its electronic properties are limited by the presence of this interface. However, ex-situ hydrogen treatments can be used to convert the buffer layer into a graphene films which will behave similarly to an isolated graphene film (quasi-free standing graphene). 1 As an alternative to the Si sublimation method, it has been shown that graphene can be grown on SiC from an external source of carbon through a direct growth process using ultrahigh vacuum 2 or CVD 3,4 conditions with argon or hydrogen as the carrier gas. Among these growth methods, the propane-hydrogen CVD appeared to give original results like the formation of rotational disorder in graphene films grown on the Si-face, 4 while this has generally been observed only on the C-face using other growth methods. This result has been explained by the presence of hydrogen at the graphene/SiC interface. Propanehydrogen CVD has also allowed to grow monocrystalline graphene on a (6√3×6√3)-R30° reconstructed interface. Surprisingly, LEED and XPS observations also suggested the presence of hydrogen at the interface, making expect quasi-free standing behavior. 5 In order to check this hypothesis, we have grown different graphene samples on the Siface of SiC using propane-hydrogen CVD and studied their electronic properties using angleresolved photoemission spectroscopy (ARPES) on the Cassiopée beamline. We have observed that graphene grown on the Si-face of SiC using propane-hydrogen CVD can be either n-type or p-type doped. While the band structure of n-type graphene does not change significantly with annealing up to 1050°C, p-type monolayer graphene can convert to a buffer layer after annealing at 750°C. This proves that p-type graphene lays on a hydrogenated SiC surface, so that a quasi-free standing behavior can be expected. This was verified in magnetostransport measurements, where we have observed mobilities up to 4800 cm 2 /V.s at 1.5 K with p = 7×10 12 /cm 2 together with a small effect of temperature on the mobility.

Vibrationally Resolved C 1s Photoionization

Cross Section of CF 4

M. Patanen 1 , K. Ueda 

ABSTRACT

The differential photoionization cross section ratio ν = 1 / ν = 0 for the symmetric stretching mode in the C 1s photoionization of CF 4 was studied both theoretically and experimentally. The high-resolution measurements in the photon energy range of 330 -650 eV were carried out at PLEIADES beamline [1] using a VG-Scienta R4000 electron energy analyzer. We observed this ratio to differ from the Franck-Condon ratio and to be strongly dependent on the photon energy, even far from the photoionization threshold.

In a recent study, Ueda et al. studied a series of symmetric molecules, CH 4 , CF 4 , and BF 3 , in an attempt to verify if photoelectron diffraction could be selected as a method to extract structural information from conventional photoemission measurements [2]. The performed density functional theory (DFT) calculations showed good agreement with the experiment, but a Born approximation based model providing a simple physical picture to rationalize the results has been also developed. This model was shown to be in a qualitative agreement with the observed cross section oscillations due to the intramolecular photoelectron scattering in CH 4 and BF 3 , but was not so successful in the case of CF 4 . In this study we investigated the reasons making CF 4 so special.

The DFT computations show that the ratio is significantly modulated by the diffraction of the photoelectrons by the neighboring atoms at high photon energies. At lower energies, the interpretation of the first, very strong maximum observed about 60 eV above the photoionization threshold required detailed calculations of the absolute partial cross sections, which revealed that the absolute cross section has two maxima at lower energies, which turn into one maximum in the cross section ratio because the maxima appear at slightly different energies in the ν = 1 and ν = 0 cross sections. These two strong, low-energy continuum resonances originate from the trapping of the continuum wave function in the molecular potential of the surrounding fluorine atoms and from the outgoing electron scattering by them. [1][2][3][4]. In this context, Mg 2 TMH x nanocrystalline hydrides (TM=Fe, Co, Ni) synthesized by reactive ball milling [5] have been investigated as negative electrodes. From in situ XRD patterns collected during electrochemical discharge, an amorphization process has been identified. In order to clarify the reaction mechanism, in situ X-ray absorption spectroscopy (XAS) experiments have been performed at the TM K-edge during electrochemical cycling of Mg 2 TMH x hydrides. The aim of the study was to ascertain whether electrochemical discharge of Mg 2 TMH x compounds leads either to their decomposition into the constituting elements or to Mg-TM alloys, and to study their structural evolution during discharge. For all Mg 2 TMH x complex hydrides, the shorter TM-H contributions are clearly observed in the EXAFS spectra. Upon thermal desorption at 350°C or electrochemical discharge, different behaviors occur depending on TM: while Mg 2 FeH 6 dehydrogenation induces a demixion into Fe and Mg nanoparticles [6], Mg 2 NiH 4 and Mg 2 CoH 5 decomposition yields disordered Mg-TM alloys. Interestingly, a partial demixion is observed for Co (Mg and MgCo) and no demixion for Ni (Mg 2 Ni). The analysis of the Debye-Waller factors shows that in some cases, they are larger for TM than for Mg. In addition, although both thermal desorption and electrochemical discharge lead to the formation of similar phases for TM=Co, Ni, the disorder effects strongly depend on the process applied to the material, as it is larger for the electrochemical process than for the thermal one. 

Study of Nanocrystalline Mg-TM Complex

Core-hole-clock

ABSTRACT

In the past five years, the Si/Ag interface has proven to be an interesting system with potential intriguing properties. First observations of Si deposition on Ag(110) evidenced the formation of parallel, flat lying isolated nanoribbons (NRs), that self-assembled at higher substrate temperature. 1,2 These pioneering works have given rise to a number of theoretical and experimental studies concerning the formation and properties of ultrathin Si films on Ag substrates. A graphene-like signature in photoemission spectra has been reported on such films grown on Ag(110) and Ag(111) attributed to the formation of silicene, i.e. sp2 bonded silicon atoms arranged in a two-dimensional (2D) honeycomb lattice. 3,4 Concerning the atomic structure of the NRs, different models have been proposed, some of them being in favor of a Si honeycomb structure. All these models were based on the assumption that the 1D nanostructures are thin pure Si NRs -or nanostripes -on a non-reconstructed Ag substrate.

We have followed in-situ and in real time the Si growth on Ag(110), using grazing incidence X-ray diffraction, scanning tunneling microscopy and surface differential reflectance spectroscopy. We provide compelling evidence of a Ag(110) surface reconstruction associated with the release of Ag atoms induced by the growth of Si nanoribbons. 5 Our results are in agreement with a missing row reconstruction of the Ag layer underneath the nanoribbons. This shows that the Ag-Si interaction is not negligible and that the structural models of Si atoms arranged in a honeycomb lattice on a flat Ag(110) are inadequate. Moreover, the optical response of the surface cannot be interpreted within the framework of a sp2 Si structure. This challenges the current understanding of the Si structures formed on Ag(110) and currently described as silicene nanoribbons. 

ABSTRACT

Magnesium, a low-cost and abundant metal, is seen as one of the most promising hydrogen stores. It forms a stoichiometric hydride, MgH 2 , that holds 7.6 wt.% hydrogen with high volumetric density (109 g H l -1 ). However, MgH 2 is too stable for room temperature use and its formation suffers from slow kinetics. To overcome these drawbacks, alloying of magnesium with transition metals and its nanostructing are the most encouraging strategies. 1,2 In this context, intermetallic Mg 6 Pd is particularly interesting. Its high Mg content warrants high hydrogen capacity and the presence of Pd ensures good catalytic properties. Moreover, Mg 6 Pd crystalizes in a complex structure with large unit cell parameters of ~ 2 nm and one may expect singular structural properties as the particle size decreases to the nanoscale range. 3 Mg 6 Pd nanoparticles with average size of 4 nm have been synthesized inside of porous carbon following a two-step process: first impregnation and reduction of H 2 PdCl 4 to generate Pd nanoparticles embedded in the carbon matrix Pd@C; and then melt-infiltration of magnesium at 923 K to form nanoconfined Mg 6 Pd@C. For subsequent structural studies, this hybrid material was hydrogenated at 573 K under at 5 MPa H 2 (g). In addition, a Mg 6 Pd bulk ingot was synthesized by induction melting for being used as a reference. Mg 6 Pd bulk, Mg 6 Pd@C native and hydrogenated samples were structurally characterized by EXAFS spectroscopy at Pd K-edge in transmission mode. Measurements were performed at Doris beamline C of the Desy synchrotron facility in Hamburg, Germany. Through a challenging EXAFS analysis of the Mg 6 Pd complex structure, we demonstrate that the nanoparticles exhibit close structural arrangement to Mg 6 Pd bulk, though more disordered and simple. This may be attributed to the small difference between the nanoparticles size and Mg 6 Pd cell parameters. Under hydrogenation, we observe Mg 6 Pd disproportionation into intermetallic MgPd and MgH 2 phases. 

Structural Basis of Myosin V Cargo Recognition

ABSTRACT

Class V myosins are present in most eukaryotes and function as molecular motors transporting or tethering of a wide variety of membrane cargoes. Specific recognition of the cargo allows the myosins to perform precise cellular functions at particular time and position in cells. However, very little is known about how evolution has favored conservation of functions for some isoforms while also allowing for the generation of new recognition sites and specialized cellular functions. Crystal structures of the human Myosin Va and the Myosin Vb globular tail domain give insights into how the motor is linked to the recycling membrane compartments via Rab11, or to the melanosome membrane via recognition of the melanophilin adapter that binds to Rab27a. The structures illustrate how the Rab11 binding site has been conserved during evolution and how divergence at another site of the globular tail domain allows specific recognition of melanophilin by the Myosin Va isoform. The structures show how either the partner or the globular tail domain structural plasticity is important for selective recruitment of the motor.

Small-angle X-ray Solution Scattering Study of the Multi-aminoacyl-tRNA Synthetase Complex Reveals

an Elongated and Multi-armed Particle J. Dias 1 , J. Pérez 2 , M. Mirande 1,@ and L. Renault Co-corresponding authors: mirande@lebs.cnrs-gif.fr, renault@lebs.cnrs-gif.fr

ABSTRACT

In animal cells, nine functionally different aminoacyl-tRNA synthetases are associated with the three auxiliary proteins p18, p38 and p43 to form a stable and conserved, large Multi-Aminoacyl-tRNA Synthetase complex (MARS), whose molecular mass has been proposed to be between 1.0 and 1.5 MDa [1]. The complex acts as a molecular hub for coordinating protein synthesis and diverse regulatory signal pathways. Electron microscopy studies defined its low resolution molecular envelope as an overall rather compact, asymmetric triangular shape [2].

Here, we have analyzed the composition and homogeneity of the native mammalian MARS isolated from rabbit liver, and characterized its overall internal structure, size, and shape at low resolution by hydrodynamic methods and small-angle X-ray scattering in solution near physiological ionic conditions.

Our data reveal that the MARS exhibits a much more elongated and multi-armed shape than expected from previous reports [3]. The hydrodynamic and structural features of the MARS are large compared to other supramolecular assemblies involved in translation, including ribosome. The large dimensions and non-compact structural organization of MARS favor a large solvent-accessible surface for all its components. This helps to understand how the fourteen catalytic components clustered in total in the mammalian MARS may work simultaneously in translation and accommodate concerted structural rearrangements of their catalytic and cis-acting tRNA-binding domains upon binding bulky tRNA substrates. This non-compact architecture may also contribute to the spatio-temporal controlled release of some of its components, which participate in non-canonical functions after dissociation from the complex. ABSTRACT The enhanced probing depth offered in HArd X-ray Photoelectron Spectroscopy (HAXPES) up to about 20 nm in core-level analysis [ 1 ] was recently further extended up to 50 nm [ 2 ] with the additional use of inelastic background analysis. We present here the results for two different technological samples, giving a scope of the sensitivity and parameters influencing the method. We report on inelastic background analysis following Tougaard's method [ 3 ] applied to HAXPES spectra measured at GALAXIES beamline [ 4 ] on layered systems of technological interest. The first sample studied is a high-k metal gate stack (TiN(6.5 nm)/LaOx(0.7 nm)/HfSiON(1.4 nm)/SiON(1.8 nm)/Si(100)) capped with 50 nm Si . The high sensitivity of the experiment is shown with the case of the sub-nanometric La layer being quantitatively analyzed at the extreme burying depth of 56 nm. The second sample is designed to perform ohmic contacts in power transistor devices and is composed of Al(10 nm)/Ti(15 nm)/AlGaN(25 nm)/GaN. Inelastic background analysis of Ti1s transition is shown in Fig. 1. The depth distributions obtained provide an overall understanding of the annealing process and ohmic contact formation. These two different cases also illustrate an important parameter used for modeling of the inelastic losses, namely the inelastic scattering cross-section. For the high-k samples where Si plasmon excitations within the 50 nm Si capping layer dominate, the inelastic scattering cross-section derived from REELS measurements of pure Si at 10keV must be used; for the AlGaN sample, the unannealed sample is dominated by metallic Al plasmon losses, but after annealing these features disappear from the inelastic background, showing the disappearance of the metallic Al layer. The depth distribution of Ti obtained allows to get an insight in the ohmic contact formation process. We show various case study of inelastic background analysis of technological samples. We highlight the sensitivity of our method and the key choice of the inelastic scattering crosssection. 

Synchrotron X-ray

ABSTRACT

Synchrotron X-ray footprinting relies of the microsecond timescale production of hydroxyl radicals by the radiolysis of water. These radicals can attack the solvent accessible residues of macromolecules. The identification of the sites of cleavage or modification permits the creation of a map of the change in the solvent accessibility of the macromolecule in the presence of a specific interaction partner as a function of time.

Thanks to the evolution of mass spectrometry analysis techniques this approach allows for the study of macromolecular complexes in solution that are difficult to study by other means, such as those mediated by protein-lipid interactions in lipid bodies and membranes or those made of large, flexible, multimeric proteins.

We have recently set up this technique at the Metrology beamline at Soleil. These early experiments have allowed us to characterize different kinds of samples, to develop data analysis protocols and to thus reproducibly identify specific protein or DNA regions that become modified upon X-ray exposure depending on different experimental conditions, such as the binding of inhibitor molecules (i.e. antibiotics). 

Structure and Electronic

ABSTRACT

This report is focused on the preparation of single Bi 2 Te 3 crystal with as grown built in p-n junction formed perpendicular to the cleavage plane. As-received crystals, grown by modified Bridgman method using rotating heat field, were cleaved and characterized by ARPES, Hall measurements, atomic force microscopy and scanning tunneling microscopy. Photoemission with spatial resolution was used to identify surface states in p-and n-type region. The Bi 2 Te 3 crystals can be grown both p-and n-type conductivity depending on the Bi/Te ratio in the solution. We assumed to receive switching from p-to n type using the effect of Te segregation in the vertical Bridgman method and successfully realized built in p-n junction along the boule of Bi 2 Te 3 single crystal. The results demonstrate high crystallographic quality and chemical stability of the cleaved surfaces even after month of the air exposure. In the vicinity of the p-n junction, Seebeck and Hall coefficients changed sign abruptly, electron concentration decreased by two orders of magnitude (down to 10 17 cm -3 ) and the electron mobility reached the value of 70000 cm 2 /Vs at 4 K. It was found that on both part of the (0001) surface (p-and n-type) 2D electron gas was formed caused by downward band bending. Alternative p-n junction was constructed by using solidification of n-type Bi 2 Te 3 and p-type Sb 2 Te 3 compounds. The p-n junctions demonstrated only ohmic behavior. Possible effects of intermixing between topological surface state and 2D electron gas and their influence on the charge transport will be considered. 

Towards a Better

ABSTRACT

Atmospheric Pressure Photo-Ionization (APPI) offers the unique capability to analyze hydrophobic and hydrophilic compounds with a reasonable sensitivity. The ionization mechanism is occurring at a high temperature (200-500°C) and at atmospheric pressure. It involves the direct photoionization of the analyte or of a dopant molecule which can exchange a proton or an electron with the analyte. Previous studies tried to explain the complex photochemistry under APPI by using the tabulated thermochemical parameters (adiabatic ionization energy, proton affinity,…) without taking into account that the reactions are occurring in a hot dense medium.

Using a commercial APPI source coupled to the DISCO beamline at the SOLEIL synchrotron radiation facility, we were able to discriminate among the previously proposed mechanisms and to obtain a better understanding of the photochemistry occurring in the ion source.

For that purpose, different model molecules were analyzed: guanine, substance P peptide, and monoterpenes.

For guanine, 1 depending on the photon energy in the VUV range, we are able to selectively produce either radical cation species or protonated species and thus to propose a complete model for the ionization of small molecules in the presence of a dopant.

For substance P, we were able to determine the threshold energy for the production of b-, y-, and c-type fragment ions, allowing the determination of the complete amino acid sequence without the need of tandem mass spectrometry. Peptides bearing post translational modifications were also successfully analyzed.

Finally, using the tunable energy of the synchrotron radiation, we determined the vertical ionization energy of 12 different monoterpenes and modified monoterpenes, which can be considered as a good model for secondary organic aerosol. This new method only requires few µg of each analyte that is significantly lower compared to other experiment based using oven.